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Dong Mat hematician : Gn. | [| 
being a PLAIN and EASIE 1 


INTRODU CTION 


TO THE 


Te 


In Five PARTS 
[. PIETY Vulgar, ad Deckud: wth all the Uſeful Rules; 


And a general Method of Extracting the Roots of all Single 
Powers. 


u. Algeb2a, or r Arithmetick i in Species; . herein the Method of | | 


- Razhng and Reſolving X#quations is rendered eabie ; ; and Ulu-| | 
flrated with Variety of Examples, ana Numerical Queſtions : Br 


Alſo the whole Bufineſs of Intereft and Annuities, ' &c. 


form'd by the Pen, and a [mall Table, with ſeveral new m- | 


proyements, 


U. The Elements of Geometry, Contratiek wad A 1 


Demonſtrated; With a New and Eaſie Method of finding the 
Circle's Periphery and Area to any aſſigned Exactneſs, by one | 


quation only; Alfoa New Way of making Sinesand Tangents, | | : 
IV. Conick-Dections, wherein the Chief Properties, c. of the | 


Elliphs, Parabola, and Hyperbola, are Clearly Den.onftrated. 


V. The Arithmetick of Infinites Explain'd, and render'd | . 


Eakie; with its Application to Superficial, and Solid 3 
. "With n 
„ Argon of P2actical Gauging. 


The Third «dition Co22eced, 


ay JOHN WARD, Thilomath. | 
Heretofore Chief Surveyor and Gauger-General in the Kae; 3 now | 


Profeſſor of the Mathematicks in the City of Cheſter. 
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bo Careful peruſal of this 
Book, we think it a good Intro- 


AS to the Abſtrafted Parts of Ma- 
thematicks, and as ſuch we recommend 
1 to ung Studious and Induſtrious Reader. 


_ Rapbſon, A M. & R. 7 8 
H. Dirton, Maſter of the New | 


Mathematical School in 
n $ Hol ital. 


AC 


_ 10 the Hint 5 
S. JohN WENTwORTAH of 


North Elm's Hall in the Weft 


7 of — Baronet. 


"nh 
5 


* $ mow many Net „ I forft 


Jatrodullion to the Mathematicks, as won I4 
_ Encourage the younger Students to proceed 


laid a Scheme of ſuch a familiar 7 | 


with Eaſe and Chearfulneſs in that kind of , 
Lear ning. But the Deſign had been ren 


| dered Abortive, had nos your Approbation 


(hen you took the Trouble to peruſe 
the Manuſcript) given me Courage to pur= | 
ſue it; ſo that whatſoever is found worth the 


raking Notice of in this Treatiſe, is wholly 
owing to you ; And therefore, as you have ſo 


far Inſiuenced this Undertaking, I here 
beg Leave it may be preſented to the World 2 


under your Protection. | 
Here, Sir, I might expatiate in your Hob: 
ſes, and ſay a great deal of my own [inowleage, 
both 45 to your ownInduſtry and Acquirements, . 
A 2 a 


— 


The Dedication. 


4s alſo the Encouragement you give to others 
* the purſuit of all kinds of uſeful Learn- 

ing: But I am very ſenſible how unpleaſi ing 

: 77 «ies be to you, ſhould I proceed in that 
Strain, (fo uſual in Dedications) and 
therefore will not preſume to offend your 
Ears with mentioning Particulars ; Nor 
need ] do it, your Generofity and Natural 
Iuclinations of doing Good to every one, be- 
* fo well known to all that know you. 
- Oniy, Sir, permit me to aſſure you, that J 

am infinitely Pleas d with the Opportunity 
of making this publick. Acknowledgment, | 
of the great Obligations which Jeu have 


been ſo Lud to ads _ 


1 Fs T . 
Tou our 2 5 moſt knall, 


| and 2 Dhedi ent D ervant, 


* Wars 


* 5 2 


PREFACE 


Woe: cr publiſhes any Book, ſeems oblig d by 


Cuſtom to write à Preface to it; wherein it's 
expected that he ſhould thew the Uſcfulneſs of the 


Subject he Writes upon; And the Motives which 1 in- 
| duc'd him to write upon that Subject. | 


To the Firſt, I preſume it needleſs to ſay any ing: 5 
dix. of the Uſefulneſs and Advantages that accrue to 


Mankind from Mathematical Learning i in general; And 


eſpecially from thoſe two excellent Sc:eaces Arithmetick 
and Geometry ; ; there being no Buſineſs, Employment, or 


Trade whatſoever, that can be well manag d without | 
ſome Knowledge of the Fr; ſt ; Nor any Curious Mecha- 


nick Arts either Invented, or Improved without the 
Aſſiſtance of the Latter. And therefore tis no Wonder, 


that in all Ages ſo many Ingeniom and Learned Perſons 
have employed part of their time in compiling large 
Volumes upon thoſe SubjeRs. ta 
thors ſeem to preſuppole or take it for granted, That 
their Reader hath made ſome Progreſs in that ſort of 
Learning, before he attempt to peruſe their Works? 
And not only that, but very tew have Treated upon 
more than one or two Sciences in any ſmall Volume. 


ut many of thoſe Au- 


It was theſe Conſiderations that put me (many 


| Tears ago) upon compoſing the enſuing Treatiſe, purely 


for the Uſe and Benefit of ſuch as are wholly Ignorant 


ol the very firſt Rudiments (Or have not the leaf? Noti- 


on) of Mithematicks : And therefore I've begun at 


the very Foundation or Firſt Principles, viz. with = 

Unit in Arithmetick, and a Point in Geometry ; And from 
thoſe I proceed gradually, Leading, ag it were, the 

voung Learner, ſtep by ſtep, with all poſſible Plainneſs, 
till he arrives at ſuch things as will (with a little Appli- 

; cation) either OY ham tor nels ; or fit and 


1 | © PEP | 


" The PREFACE. 


prepare *. for higher ie without the 
Trouble and Charge of other Books. 
The Title Page hath given a ſhort Account of the 
ſeveral Parts Treated of, which I ſhall not Inlarge 
upon, but leave the Book to ſpeak for it ſelf; and if it 
be not able to give Satisfaction to the Reader, Iam. 
ſure all 1 can ſay here in its behalf will never Recom- 
mend it - But this I may (without Vanity) preſume to 


ſay, that whoever Reads it over, will find more in it 


than the Title doth promiſe, or perhaps he expects. 
*Tis true indeed, the Dreſs is but Plain and Homely, 
it being wholly intended to Inſtruct, and not to Amuſe 
or Puzzle the young Learner with hard Words; nor 
is it my Ambitious Deſire of being thought more 
Learned or Knowing than really I am, by writing in 


ſuch obſcure Terms as a late Author has done; How- 


ever in this I ſhall always have the Satisfaction, That 


5 I ve ſincerely Aim'd at what is Uſeful, altho' in one 


ol the meaneſt Ways; Tis Honour enough for me to 


be accounted as one of the under Labourers in Clear- 


ing the Ground a little, and Removing ſome of the 
Rubbiſh that lies in the way to Knowledge. How well 
I have performed that, muſt be left to proper Judges. 
Iod be brief; As I am not ſenſible of any Funda- 
mental Error in this Treatiſe; ſo I will not pretend to 

ſay it is without Imperfections, (Humanum eſt errare) 


which IJ hope the Reader will excuſe and paſs over 


with the like Candor and Good Will that it was com- 
5 pes for his Uſe ; oy his hearty | well Wiſher 


5 W. ard. 85 


| | London, „ 
| | Odlober roth, 1706, from my Houſe 1 near 
the King nate in Red-Lyon Fields. 
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the Subjects of the Marhemaricks, 


AN 


INTRODUCTION 


To THE 


_ Mathematics, 


'F A R + # TL: 5 


| Pracognita. 


| H E © ns of Pathematicke in 4 its "Pare beth. | 
Theory and Practice, x only to ſearch out and determine 
the true Quantity either of Matter, Space, or Motion, 8 
5 — as Occaſion requires. 


| 55 Quantity of Matter s here meant the Magnitude Bay” neſs 25 
of any viſible thing, whoſe Length, Breadrh, and Thicknels v — 7 


either be meaſured or eſtimated. 5 
B Quantity of Space i is meant the alen. of one - ching from 
"af by Quantity of Motion is meant the fee of any ehing 
moving from one place to another. | 
The conſideration of theſe accordin 7 as s they. may be 1 ropeſed, are 
ut chiefly that ef Matter. 
Now the conſideration of Matter. with reſpect F its Quantity, 
Form and Polition, which may either be Natural, Accidenta], or 
Defigned, will admit of infinite Varieties; But all the Varieties | 


| that are yet known. or andeed poſſi ble ta be —— are wholly com». 
priſed under the due Confid ration of theſe two, Magmtude and 
Number, which are the proper Subjects of Geometry Arithme= 
rick and Algebra, All other Parts of the Marhemaricks being on= 
ly the Branches of theſe three Lane or f revier their PO Re 
to paxgicular Caſcr, . = 


2 


* . 3 
* D 
— 


ſpect to 1 
Quuntities with reſpect to their Number o]. 

Algebꝛa 2 4 Science by which the moſ? auf or difficult Pro- 
| blems either in Arithmetick or Geometry are Refolo:d and Demons 
ſtrated, that is, it equally interferes with them both; and therefore 
its promiſcuonſly named. being ſometimes called Specious Arithme- 
tick, as by Harrior, Vicia, and Doctor Wallis, Se. And ſometimes 
its called Modern Geometry, particularly the ingeniaus and * 

Zeo- 


9 


Præcognita. Part 1, 


5 Oeometry x a Science by which we ſearch out and come to 


hnow either the whole Magnitude, or ſome part of any propoſed Quan- 


_ rity; and is toe obtained by comparing it with another known Quan- 
tity of the ſame hind, which will always be one of theſe, vin. A 
Line (or Leng h on)] A Diirface. (bar is Length and Breadth) 


er A Holid (which hath Length, Breadth and Depth, or Thick - 


neſs) Nature admitting of no other Dimenſions but theſe three. 


Arithmetick » 4 Science by which we come to know what Num- : 


ber of Quantities here are (either real or imaginary) of any kind, 
contained in another Quantity of the ſame kind : Now this Conſide- 
ration is very different f om that of Geometry, which is only to find 
cut true and proper Ariſaers to all ſuch Queſtions as demand, how 
Long, how Broad, how Big, Se. But when we are to conſider 

_ either of more Quanti ies than one, or how often one Quantity is 
(ent ained in another, then we have recourſe ts Arithmetick, which 


# to find out true aud proper Anſwers to all ſuch Durſtions as demand 
how Many, what Numver. or Multitude of Quantities gene are. 


Jo be brief, the Subject of Geometry ns that of Quantity, with re- 


ts Mä gnitude only; and the Subject of Arithmetick # 


Mathematician, Mr. Edmund Halley, Savitian Profeſſor of 


_ © metry in the Univerſity of Oxford giving this following Inſtance of 
the Excellence of our Modern Algebra, Mites thus, „„ 


Ihe Excellence of the Modern Geometry (ſaith he) is in m- 
* thing more evident, than in theſe full and Adeqrnate Solutions it 
© gives to Problems: Repreſenting ail the poſſivie Caſes at one view, 
aud in one General I heorem many times compregending whole 
© Sciences; which deduced at length into Propotitions and demon- 
© ſtrated after the manner ef the Ancients, might well become the 


Subjects of large Treatiſes: For whatſoever Theorem ſolves the 
moſt complicated Problem of the kind, does with a due Reduction 
reach all the Subordinate Caſes.” Of which be gives 4 notable 


Inſt ance in the Doctrine of Dioptricks for finding the Fod 


283. 


"of * Glaſſes univerſally, (vid. Philoſophical IIanſactions. 
5 Num . ma 


us you have a ſhort and general Account of the proper Subjefls 


E thuſe three Noble and Uſeful Sciences, Arithmerick, Geometry 


and Algebra. I ſhall now proceed to give a particular accaunt 4 


" Of Characters, . 


Chap 7 . 


ach and firſt of Arithmetick, which is the Baſis or 3 tion 


of all Arts, both Mathemarick and Mechanick ; and therefore it 


| ought to be well underſtood before the aka are "melee withal. 


CHAP. I. 


a * ſeveral Parts of Irithmetick, with the Definitim 


of * C baratters as are ed 5 in this Ts | 


 Rithmerick, or the Art al DO Te, is Gly divided imo 
three diltin&t Parts, two of whica are properly called 
Natura, and the third i : 
The firit being the moſt plain and cabelt, is commonly called 
Vulgar Ari :chmetick in whole Numbers; 


the Luantity or thing repreſented by that Unit) to be Broken 


or Divided into equal Parts (either even, or uneven) and con- 


ſiders of them either as pure Parts, viz. Each leſs than an Unit, 
or elle of Parts and Integers intermixt. And is ulualiy called 0 
the Doctrin of Duſgar Fratliens. _ 

The Third, or Artificial Part, is called Decimal abbott; 7a 


being an Artificial Invention of managing Fractions or Broken 


Numbers, by a much more commodious and eafie way than 
that of Vulgar Fractions : - 
in Decimals, differ but little from thoſe in Mole Numbers; and 
therefore it is now Pecome of general Ute, eſpecially in Geome- 8 N 
trical Computations. 5 
Lrichmetick (in all its s Parts) is performed by the 1 various 
ordering and diſpoſing of Ten Arabick Charatters e or  Numeral 5 
1 ( which by ſome are called Digits ) 


viz. "One Two hes his Five Six Seven Eight. Nine 2 8 
VVV 


The uſe of theſe Charters z5 fad to be ff ined into 
England near fix hundred Tears ago, viz. abcut the Tear 1130, 
vide Poctor Walliss Algebra, Page 12. 


BY 


Tis 


becauſe every Unit or TD 
Integer concerned in ic, repreſents one whole Quantity of lome — 
| Fectes or thing propoſed. 


The ſecond is chat which ſuppoſes an | Unit (and conſequently. . 


For the ſeveral Operarions performed 


. "Arithmetic, Fil 


The & firſt of theſe Charafterr is called Unity, and repreſents 
How of any kind of Species or Vanity. As one Mola, one 
8 Star, one Man, &c. 

Vi. Unity is that by which every thing ae i is. is called one 

(Euclid. 7. Def. 1.) and is the begirning of all Numbers. That is 

to ſay, Number is a Multitude of Units. Euclid. 7. Def. 2. 

| For, one more one, makes two; and one more one more 
one makes three, &c. Which is the foſt and chief 3 or 
os Ain to Arichmerick. 


ET] Fi { MISS 2 1 1 


Pe 4 theſe Figures were thus compoſed of Units, and dif. 
ferently form'd ro repreſent ſo many Units put together i into one 
Sum, as was intended each ſhould denote: Nine being the greateſt 


7 Number of Units hat was then thought convenient to be expreſſed 


by one ſingle Character; the laſt of the Ten is only a Cypher, or 
(as ſome phraſe it) a nothing, becauſe ot it ſelf it ſignifies no- 
_ thing ; for if never ſo many Cyphers be added to, or Subſtrafted 


from, any Number, they can neither increaſe not diminiſn that 


Number; but yet as a Cypher (or Cyphers) may be placed, the 
other Figures will becone of different Values fiom what they 
were before, as will appear further on. 

For tie more convenient ordering of the aforeſald Numeral 
1815 Figures according to the ſeveral Varieties that happen in Com 
put at ions; I do adviſe the young Learner to acquaint himſelf 

with the Signification of the following Algebraich Signs or Cha- 
racters, which he will find of excellent ute, as being a much 
ſhorter, better and more ſignificant way of denoting what is to 
be done (in moſt Operations) than can de be expreſſed 
in words at * 4 * 


| Significations 155 


Sizns 95 N. mer. The Sign of Addition : ; as $47 is g more 

9 7, and ſignifies that the Numbers 8 and 7 are 

p 1 - to be added into one Sum. The like is to be 

Hou us er  - underſtood when ſeveral Numbers are connect- 

oe. ed together wich the Sign . 

8 e Sc. denotes theſe are 
1 al to be . one . _ 


TT 


— 
1 


L Nochap. 1. "of Characters. 3 
Is ES 3 The Sign of Saher agen; As g— is 9 leſfs 
ne 1 Minus 1 and ſignifies that 6 is to be 9 = % 

0 3 or leſs, chat ſo their difference may be found. 


The Sign of Multiplication ; as 9 * 6, Fl a | 
Th 5 or | imo 6, and ſignifies that 9 is to be Mulcplied . 
ans uno or with 6. 


| 5 The Sign 4 Diviſion ; as s 8 =2,6 8 ; by 2, 
"> of and ſignifies that 8 is to be divided by 2, alſo 
5 11 1 ) thus 2) 8 (4. or thus 4 each ſignifyin the Dot 
ying 
VNV! lame thing, to wit, 8 divided — 
The sign of 1 or bn viz. 1 . 
Jever ths Sign = is placed betwixt Number- 


\ 215 9=9, or 9-FG=1s5, or 9—6=3, Sc. Thar 


15, and 9 leſs 6, is equal to 3, be. 


1 dle Terms or Numbers i in proportion. Thus ” 


| * to 8, So is 6, Toz 


Theſe Signs and their Fania bring pe lam, i 1 
1 will s 10 en the n. Fo | 


1 t0 

efled 5 

: CHA 

m cen the Principal Rules in Arithmetick, _ low thy are 

8 1 "pm. 6 in Hole . 8 55 

1 THE a bo y by which W ha are perform'd TO. 
e are in all the Parts of Arithmetich. are many and various, | 


ſeveral of them being form d and- raiſed as Occalion requires, 
ebe to Practice, yet they are all comprehended within 


the d N of theie * * 3 (or No⸗ 
* q tation) 


(or Quantities) it denotes them to be equals 

is 9 is equal to 9, or 9 more 6, is equal o 1 
5 — The Sign of 1 or chat commonly ” a, 

Pn called the Golden Rule, or Rule of Three, and 


: : is always placed betwixt the two mid. 


fa: 8: 624. 1 de read thus. 3 hs. | 1 


Derr. 


6 e i 7 
tation 2 Subfracion, Pulciplication, Dilian 


5 and Evolution; or Extraction of Roots. 


Sect, l of Numcration, or Notation: 
- Numeration or Notation, Teacheth to Read or Expreſs the 


true value of any Number when writ down; and conſequently 
to write down any propoſed Number according to its true value 
whey i it is named: And this conjuterh of rwo Parts; : 


. The due order of placing down Figures, 
2. The true valuing of each Figure in its place. | 
: Both which ; are —_ exhibited in the RY rale. 


1 
1 = S * 
V OM V 4 
. 7 2 33 - 1 S. 51 
E 83-201 
r 
FF 0-4 
ISERSS SSDCSS wo 
3. ST % * * Roe 
2 28 2 5 5 
JT 
SS SSS SSS SE] 
FE 
6 7 8987 65432 3 
3 Period f; Per od Period of FE = 
5 Thorſunds} Millions. 1 Thon- Anis. 8 
= E Illis 5 ſands: ** 


1 this 1 Table i it's apparent tas the 3 of 


- . is reckoned from the right Hand towards the left; rhe 
| firlt place of any Number being always that which is the out⸗ 
moſt Figure to the right Hand; and whatever Figure ſtands in 
chat place doth only ſigniſie its own ſimple value, Viz. So many 

— Units as that Figure repreſents. = 


The ſecond place is that of Tens, any Figure ftandiog in 


Units, 


hat place — I» * Tens as that Figure repreſentꝭ 


tl. 
ſian 


the 
ently 
alve 


—— 
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Units. The third PN is Hundreds, the fourth pace Thouſands, | 
&- Thar is, each place towards the left Hand is Ten times 
ite ralue of that next it towards the Right. 5 

For initance, ſuppoſe 759 were propoled to be read or pro- 
nounced according to the value of each Figure as they now 
fand. The firſt Figure in this Sum is 9, becauſe it ſtands in 
the place of Units, and thereſoꝛze ſignifies but its own fimple 
value, to wit 9 Units or Nine. The tecond Figure 5 ſtands in 
the place of Tens, and rherefore ſignifies five Tens or Fifty. - 
The Figure ) fiands in the third place, or place of Hundreds, 
and therefore it ſignifies Seven Hundred, and the whole Sum is 
to be read or pronounced thus, Seven Hundred Fifty Nine. 
Note, although the Figure 5. {tands in the third place (ac- 
cording to the order of Numbering ) yer when the whole Sum 
comes to be read it's fir!t pronuunced, the reading of Numbers 
being perform'd like thac «ft Letters or Words, always begin- 
ning with the outmo t Figure tœwards the left Hand, and fo 
many Figures as are placed together without any Point, Comma, Co 
Line, or other Note of Diſtinction ern —.— are all bur | 
on? Sum, and mutt be read as ſuch. | | 


For Example, 763556 is but one intire Sum or Number, not- 


1 


The like i is to be obſerved i in reading or i the true 
value of any Sum or Rank of Numbers conſiſting of Seven, Eight, 


Nine, or more places of Figures, each Figure being ro be valued 1 
according to irs diſtance trom the place of Unity : As | in the 
foregoing Table. | : 
Now inch Values may a as well ariſe by Cyphers, as oy eber 5 
Figures; for inſtance, 6 ſtanding by it felt, reprelents bur ſix 
Units: But if a Cypher be annext ro it thus, 60, then it be- 


comes S7xty ; for the Cypher poſſeiſing the place of Units, bath 5 


thereby removed the 6 into the place of Iens; and another | | 
Ober more would make it 600, Six Hundred, Kc. 


Whence it may be noted, rhat altho a Cypher of it ſelf f gnifie 
nothing (as bath been ſaid before) yet being placed on the right | 


Hand of any Figure, it augments the value of that Figure by 

advancing it into a higher place than other we i ir would have . 

been, bad not the Cypher been there. : 
ake one Example more in Numeration. if you pleaſe; that 


in the Table, viz TO which i is, according as is 
here Ggnified, 


i 


wühſtanding it conſius of fix places of Figures, and is thus 15 5 
read; Seven Hundred Si * Three e Five Hundred h 8 


m_ ww —ͤ 8 


4 
4 
1 
* 


— 
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lame value, viz Place Units under Units, Tens un 
Hundreds under Hundreds, & c. 1 5 5 - BS 
Ĩ ben underneath the lowett Rank (always) draw a Line to 
ſeparate the given Numbers from their Sum when it's found. 


be added together, they mutt be piaced, 


Siæ Hundred Seventy Eight Thouſand Millions 


Nine Hundred Eighty Seven Millions 


Six Hundred Fifty Four Thouſand - „„ | 
Three Hundred Twenty One Units. Of any propoſed Fpecies 
or Juantities whatlioe ver.. | | | = 


And here it may be obſerved, that every third Figure from 


the place of Units, bears the Name of Hundreds ; which ſhews 
that if any great Sum be parted, or rather diltinguiſhed into 


Periods, cf three Figures in each Period (as in the foregoing 


able) it will be of good ule to help the young Learner in 
dhe eaſier valuing and expreſſing that Sum. 


Seck. 2. Of Addition. 
P oſtulate or Petition. N 


That any given Number may be increaſed or made more, by putting 


f another Number 70 it. 


Addition is that Rule by which leveral Numbers are collected 
ad nd put together, that (> their Sum or Total Amour t may be 


In ibis Rule two things being carefully obſerved, the Work 


5 will be eaſily per formed. 


I. The firſt is the true placing of tne ORE ſo as that 


each Figure may ſtand directly underneath thoſe Fi ures of the 
4 Tens, and 


Example. If theſe Numbers 54327, and 2631 were given to 


! Thus, 4 54327 
5 2 


. The ſecond thing to be obſerved is the due Collecting or 
Adding together each Row of Figures that ſtand over one another 
of the ſame value: and that is thus performdd. 


Rule 


„ 
| Pher all the Figures that ſtand in the? Ez # Fas "Sow 


under Ten, ſet it down below the Line underneath its own place; | 


bu if their Sum be more than Ten you muſt ſet down only the 


_— or odd Figure above the Ten(or Tens ) and /o many Tens 


o 


| £5 che Sum of theſe Units amount to, you muſt Carry to the place 


P m U ͥ— oO a — :: RR OG - 


— - — 


— — - 


Chap 2. Of Addition. 
of Tens ; Adding them and all the Figures that ſtand in the place 
of Tens together, in the ſame manner as thoſe of the Units were 
f Added ; then proceed in the ſame order to the place of Hundreds, 
tet ¶ and ſo on to each place until all is done. %%% ers PO » 
. The Sum ariſing from thoſe Additions will be the Total _ 
om Amount required. ) 


— 


: Example 1; os 

Let it be required to find the Sum of the aforeſaid Numbers, 

3 54327 1 195 e „ ; 
IP 7 —_ 

5 55978 the Sum required, 80 5 5 

Beginning at the place of Units, I ſay 1 and 7 is 8, which 


tin | 
0 being leſs than 10, I ſet ir down (according to the Rule) under- 
ted WM neath its own place of Units; and then proceed to the place 


of Tens, ſaying 5 and 2 is 7, which being leſs than 10, I fer 
it down underneath its own place of Tens, and proceed to do 


Fond each of their Sams underneath their own reſpective places: 
Laſtly, becauſe there is not any Figure in the lower Rank to 


be added to the Figure 5, which ſtands in the place of Ten 
| Thouſands, in the upper Rank, I therefore bring down the (aid 5 
to the reſt, placing it underneath its own place, and then I find 
that 54327 +2651=56978, the true Sum required. 


Example 2. 


Suppoſe it were required to find the Sum of theſe Numbers, 
3578 +496+742+184+95. Theſe being placed, as before 
directed, will ftand as in the Margin. Thea beginning (as 


» »- 


before) ar the place of Units, ſay 5 and 4 is 9, and 2 3578 
is 11, and 6 is 17, and 8 is 25, ſet down the 5 Units 496 

underneath its own place of Units, and carry the 20, 742 

or two Tens to the place of Texs (at which place they 184 

are only 2) ſaying, 2 and 9 is a 11, and 8 is 19, and 95 
4is 23, and 9 is 32, and7 is 39, ſet down the g under- —— 
neath its own place of Tens, and carry the 3o, or three 5095 
Tens (which indeed is 300) to the place of Hundreds, at which 
place they are but 3, ſaying, 3 I carry and 1 is 4, and 7 is 11, 
and 4 is 15, and 5 is 20; here becauſe there is no Figure over- 
plus (as before) I ſer down a Cypher underneath the place of 
Hundreds, and carry the 2 Tow. (or rather the 2000). to — 


- > 


2 


the like at the place of Hundreds, and then at Thouſands, ſetting 


_ — 5 _ _s * * 


a — 


N , 4 
4. 
| 
i 
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place of Thouſands, iaying (as before) 2 I carry — 2 n 5, 
vrhich being the laſt, I ter it down underreath its own place, 


| Row of Figures by it ſelf; as if there 


: the largeneis of 4 aud then * * each Parcel 1 it 


— 


and all is toithed, "And find the Sum or Total amount to de 


$095=3578-+1496-F742+184-F55. 


If this Example be well confidered, it will be fufficient ro 


ſhew the uſual Method of Addition in whole Numbers; but 
to wake all plain and clear, I ſhall ſhew the young Learner 
the reaſon of carrying the Tens trom one Degree or Row of 
Figures. tothe next Superior Degree, Which is done purely to 


fave Trouble, and prevent the uting of more Figures than are 
really neceſſary, as will appear by the following Method of 


adding rogether the ſame Numbers of the Laſt Example. 


Thus, Add together each ſt ngle 1 : 17: 


were no more but thae one Row, 


| ſetting down the Sum underneath 1 is EY 5 | | þ 


own Den 


The a of the Row of i 
The Sum of the Row of Tens, is 1 31710 C 444 

The Sum of the Row of Hund. is 1147; oe 4. 
The three Theu{and brought down 3˙01⁰0¹ů 44 


— ; 


| The Sum or Total amount as before, is 5 0 9 . 


"Frans hence I preſuwe it 1 0 be eaſie to conceive the 


true reaſon of carrying the aforeſaid Tens 3 and alſo that 
Cypher do not augmem or increaſe the Sum in Addition. Gee 


8 


might have here infered. 2 Lineat Demonſtration of this 


Rule of Addition; but I thought it would rather puzzle than 
improve a young Learn: er, eſpecially in this place; beſides the 
reaſon of it is fuffcientiy evident from tbat Natural Truth 


of the whole being equal to all its parts taken 9 Euclid. Is 
Axiom 19. 


That is, the 33 which are propoſed to be added to- 


| gether are by that Axiom underitood to be the ſeveral par 


and their Sum or Total amount found by Addition i is underſt 


a 10 be the whole. 


And from thence i lod the Method of proving the 


truth of any Operation in Addition, viz. By parting or ſeparating 


the given Numbers into two Parcels (or more according to 


; 5 1 2 mak 


Chap. 2 "Of Subtraction. SINE. 


| ſelf: For if DAG pa Sums ſo found, be Added into 


one Sum, and that Sum prove equal or the lame with the Total 


Sum firit found, then all is right; if not, care mult be taken | 
to diſcover and correct the Error. 5 


1 Exanple. : 
f 36% 

[ESR Sum of theſe Pata 13952 : 

4016) = 


—— ; 


| Add 


2900 JJC 
: £211 The Sum of theſe, is 9513 
NV 19096 2 The Sim of each Par- & gs 
The Tot. Sum of. Pen | cel 9229 3 2245 


all | thele Parts 


| Sect 3. of Sublration. 


| Poſulate or Petition. | 


That any Number may 7% Jiminiſhed, or made 155. 55 ta 
___ ancther Number from it. IF hg 


r is that Rule by which one Number i is DeduBed EY 
cr raken our of another, char 0 the Remainder, Difference, or 
Exceſs may be known. 1, 

As 6 taken our of 9, „there Remains 3. This 3 is alſo e ä 
Difference betwixt 6 and 9, or it is the Exceſs of 9 above 6. 

Therefore the Number (or Sum) our of which Sulſtract ion is 5 
required to be made, muſt be greater than (or : at leaſt equal to) . 
the dubtrahend or Number to be Sulſtracted. 

Note, This Rule is the Converſe or direct contrary to Addition. : 

And here the ſame caution that was given in Addition; of 
placing Figures directly under thole of the ſame value, viz. Units 
under Units, Tens under Tens, and Hundreds under Hundreds, 
&. Muſt be carefully obſerved, alſo underneath the .loweſt 
Rank there muſt be drawn a Line (as before in Addition ) to ſe- 
parate the given Numbers from their Difference when it's found. 

Then having placed rhe leſſer Number under rhe greater, the 
n —* be thas r | 


Rule. a | . 

— 5 Ris be Ha Figare or place of Unics (45 i in Adi | 
non) and talę or 2 the lower Figure in that place from 
the oh org that Hands over 10, _ down dle Remainder op 
Difference 


12 Arithmetic, put l. 
1 Difference underneath its own place, if the two Figures chance to 
be equal, ſet down a Cypher. But if the upper Figure be lefs than 


the lower Figure, then you muſt Add 10 to the upper Figure, or 
mentallh call it Io more than it , and from that Sum Subſtract 


- you 


the lower Figure, ſetting down the Remainder (as before directed.) 
Now becauſe the 10 thus added, was ſuppos d to be borrow'd from the 


next Superior place (viz, of Tens) in the upper Figures, therefore 
* call the 2 Figure in that place from whence the 


10 was borrow d, one leſs than really it is, or elſe (which u all one 


and moſt uſual) you muſt call the lower Figure in that place one more 
than it really is, and then proceed to Sabitraction in that place, 4 
in the former; and ſo gradually on from one Row of Figures ro ana- 


1 5 Example . 


7 Let it be required to find the Difference between 6785, and 
4572. Thar is, let 4572 be Subſtrafted from 678 5. 


Theſe Numbers being placed down, as before directed will 


SF: On 
| mad 4372 e 


r 


HhHegianing at the place of Units, take 2 from 5 and there 
will Remain 3, which muſt be ſer down underneath its own plac 
. and then proceed to the place of Tens, taking 7 from 8, = | 
there will Remain 1, to be ſer down underneath its own place; 
again at the place of Hundreds, take 5 from 7, and there Re- 
mains 2, which (ſet down, as before; laſtly, take 4 from 6 and 
there will Remain 2, which being ſer down underneath its own 
plwGVace, the Work is finithed, and the Difference fo found will be 
221357854572 as was require. 


übe Difference between 3849, and 7496 is required. 


Having placed the Numbers as in the Margin, be- 


gin ar the place of Units (as before) and ſay 9 from 6 7495 
Cannot be, but 9 from 16 and there Remains 7, ro be 5849 
ſer down under its own place, next proceed to the 1647 

pPlwKwhace of Tens, where you muſt now pay the 10 that 
muas borrowed ta make the 6, 16, by accounting the upper 

Figure 9 in that place one leſs than it is, ſaying, 4 from 8 and 
| there Remains 4, or elle (which is the molt practiſed) fay 1 I 


bor ro wed 


; A, , 


=. ae. ces. ems. a Az Aa tes ©... ©89 


—B 
— * 


e fo Wrobel and 4 is 5 from 9 and there Remains 4, to be ſer 


van | down under its own place (as before) again at the place ol 


Hundred, (ay 8 from 4 that cannot be, but 8 from 14 there 
at I will Remain 6 to be ſet down; and here I have borrowed to 
d.) ¶ (a; before) which muit be paid in the ſame manner as the 


quired will be 1647=7496—5849, 
„ Example 3. 
From 330476 
Take 741068 


| | Remains $9403 


Number from whence Subſtrattion is made. See Page 4. 
Theſe three Examples | preſume may be ſufficient to ſhew 


the young Learner the Method of Sulſtracting whole Numbers; 


as for the Reaſon thereof it's the ſame with that of Addition, 


ere Page 10. wit, of che whole being equal to all its parts taken 
3 Thar is, in this Rule the Number from which Subſtration is 
e: ecqurred ro be made, is underitood to be the whole, and the 

mo i 


whole, the Remainder will be the other part. 


mult be taken to diſoover and correct the Error. 


5 „ Eæampie. 
47 e 4/7687 


nd Proof f — Fe Sum which is equal to the Number from 
11 (59435 e 


| whence Sulſtract ian was made. 


. || chap 2. Of Subſtraction. | 13 


' 
| 
| 
| 
U 
J 
f 


other 10 was, viz, either by calling the 7 in the upper Rank 
fore I but 6, ſaying 5 from 6 there Remains 1, or elſe by ſaying 1 

the borrowed and 5 is 6 from 7 and there Remains 1, which being 
one ſet down under its own place all is done, and the Difference re- 


By this Example you may perceive that Cyphers in the Salers: 
lend, viz. in the Numbers to be Subſtracted, do not diminiſh the 


Subrrahend or Number to be Subſtratted, is ſuppos d to be a part 
5 of that whole, conſequently if that part be taken from the _ 


From hence is deduced the common Method of proving Sal- 
tract ion, by adding together the Subtrabend and the Remainder. 
For if the Sum of thoſe two which are here called Parts, be 
equal to the Number from whence Subſtract ion was made (which 
1s here called the whole) then the Wark is right; if not, care 


— —— ß — 
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Or from the aboveſaid Reaſon, it wil be caly to con- 


ceive how to prove the truth of Sulſtraction by Sub- 


For if from 59435 being here the whole, 
there be taen 47608 as a part of that whole, 


| there will Remain 11827 the other part (as before) ' 
And if from 59435 the whole, there RE: 


= The laſt part, vi. 1 1827 


| there will Remain 47608 the firſt part, or wurde which 
5 was e to be firſt ee 


"From 7564 From 7000000 ” 
I gooo | Take 986432 


66643 | Remains 6013568 | 


Sed 4. of Dulciplication, | 
Bultiplication is 2 Rule by which any given FEY may 


| be ſpeedily increaſed accontng. to any 5 Number of 


4 . 
That 5s, One Wer 15 ſaid. to Multi y her ok the 


Number Multiplied ig /o often Added to it ſelf, as there are Units 
in the Number Multiplying ; end another _— is produced. 


( (Enclid. 7. Def. 15.) 


Io perform ane een there i is required two given Num. 


Tn bers, called Factors. 


The firſt is that Number which is to be Moultiplied, Por is 


e generally put t the eaten of the to Numbers, n called 
kbe Multiplicand, 


The other is that Number by LEY the firſt i is to be Multi. 


: plied, and 1s afually called the Multiplicator or Multiplier ; and 
tis denotes the Number of Times that the Malt iplicanu is requi- 
red to be Added to it ſelf. For ſo many Units as are contained 
in the Multiplier, ſo many times will the Multi plicand be really 
Added to it ſelf, (as per Euclid above.) And from thence will 
| ariſe a third Number, called the Product. But in Ceometricat 
Opscrations its called the Rectangle or Plain. 


For inſtance ; ſuppoſe it were required to increaſe 6 four 


>, times, That is, to Multiply 6, into or with 4, theſe two 
Numbers are to be ſer (6 placed) down as in Addition or 
15 . 5 $ : 


Thus 


On- 


ed 


rich 


may 
er of 
2 oh 
Inits 
luced, 


Num- 


ind is 
called 


Multi- 
- and 
requi- 
ined 
really 
e will 


etrical 
6 ſour 
e two 
ion ot 


Chap. 2. Of Multiplication. 
This] any Foy For Fa7ors, 


Fegg 24 viz. 4 times 6 is 24, as plainly appears : 


times, and then "—_ them 3 into 


one Sum, thus. 3 6 


From hence it is evident that Mekiphcatios - TD. 2 
5 only a Conciſe or Compendious way of Adding 24 
ay given Number to it ſelf * as any N umber * Times may : 

e 0 ſed. | 

Res any Operation can be readily Perform din „ Muleipli- 
cation, the leveral Products of the ſingle Figures, one into another 
mult be perfectly learn d by Heart, viz That 2 times 2 is 4, 
that 3 times 3 is 9, that 3 times 6 is 18, So. According as they 
are expreſſed i in the following Table. rn I have omitted 


by Addition, viz. By Setting down 6 four |1 Hm 
ddd 


antes ing with Ig it 2 ſo very eaſie that nyo one © ny: do? on 9 5 


| Multi plication Table. 

7 9 Tory} 5 X5=2 793507 X7=49 = 
3X4=12[4X5=20{5 X6=30]5X7=42j7 X3$—=56' $X9=72| 
3K5=15]4X5=2415X7=35]6 X8=48 7 X9=63 —— 
2K 621844 X7=28,5 X$=4< SX9=54l — | 
3X7=21]4X3=32[5 X9==45 

3X3=24[4X9=361" To 

8 e 


1 1 it as ro give any 1 of this Table; . 


for if the Signs and their Significations be well underſtood, (vide 7 
Pape 5 ) it muit needs be eatz. Only this may * noted, __ 
[4XZ=Z X4, or 7X5=5X7, Se. ; 
Thar is, 3 times 4, is the lame with 4 times 3, or 5 times 
7, is the fame with 7 times 5, &c. 
ſtood of all the reſt in the Table. : 
And when all theſe ſingle Products are ſo perfectly Learn'd 
by Heart, as to be ſaid without pauting ; you may then pro- 
ceed (but not till then) to the Buſineſs of Multiplication ; which 


will be found very _ if the . _ (and Exam es) 
be carefully obſerved. "” Eh 
Rule 


Always has with thas Figure which * in oe Unis a | 


F the e and 51 it — the Figuee which — 


The like mut be under: 155 


—— —u—̊— 


: 2 ” 
_ — < - — 
_— 


— = 
= „ % —_ 


—ͤ—— — En 
— . 
- . — — — — 


7 — — > 
— 
1 — — 
— 
* — 
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2 the Unirs place of the Multiplicand ; if their Product be ef, 
than Ten, ſet it down underneath its own place of Units, and proceed 
to the next Figure of the Multiplicand. But if their Product be 


2 in Addition) and bear (or carry) the ſai 
until you have Multiplied the next Figure of the Multiplicand, 


Numbers as be 


88 — — 
. 
. * 
— 
. 


- 
* 
— — — — RIP" 


” — > — — — 
2 In Yee l — 
————— — -» wa 

5 2 0 
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above Ten (or Tens) then ſet down the parc p only (or odd Figure 
Ten or Tens in mind 


with the ſame Figure of the Multiplier; then to their Produ & Ad 


the Ten or Tens beared in mind, ſetting down the overplus of their 
Sum above the Tens, as before: and ſo proceed on in the very ſame 


manner, until all the Figures of the Multiplicand are Multiplied 


1 with that Figure of the Multiplier. 


Supfoſe it were required ro Multip/y 3213 into or with 3. 
„„ © ©  Y a So... 


Product 9630 


5 5 5 Beginning at the Units place, (ay, 3 times 3 is 9, which 
bDecaule it is leſs than Tex, let it down underneath its own 
place, and proceed to the next place of Tens; ſaying 3 times 1 
zs 3, Which ſet down underneath its own place, then to the 
next place, viz. of Hundreds, ſaying 3 times 2 is 6, which ſet 
down, as before; laſtly, at the place of Thouſands, ſay 3 times 
3 189, Which being ſet down underneath its own place, the 
Operation is finithed ; and the true Product is 9639=3213X3, 
JJ) MST Eon 1 


Example 2. RO 


Let it be 4+ wag to Multiply 3569 into 8. Set down theſe 
OO 

Gp Tus 23 
Beginning at the Units place lay, 8 times 9 is 72, ſer down 


the 2 underneath its own place of Units, and bear the 70, or 

7 Texs in mind, and proceed to the next Figure of the Multipli- 
cand (at which place the 7 Tens are only 7) ſaying 8 times 6, 
is 48, and the 7 carried in mind is 55, ſet down the odd 5 

| underneath its own place of Tens, and carry the 50 (which 
is really 500) to the next place (viz. of Hundreds) at which 
place its only 5, where ſay, 8 times 5 is 40; and the 5 
carried in mind is 45, ſer down the 5 underneath its own place; 
and carry the 40 or 4 Tens (which is really 4000) to the 


"Y — 


eee 17 


— 21 place, viz of Thouſands, \aying 8 times 8 is 64, and 4 
leſs carried in mind is 68. (Now this being the laſt place or Figure 


* to be Multiplied) ſer down the whole Produtt 68, and the work 
_ e hol TR.” 


is done. | N _ ; 85 
ure So that, 856 X2=63552, the Prodult required. 
= Now the Reaton of this and all ather the like Operations, 
n 1 | 


_ may be eaſily conceived irum this which follows, 


383 {The ſame Factors as before. 5 
x 125 Here 8 times 9 is but 72, as before, becauſe 
| | the 9 Hands in the Units place. 5 
Nc here ir is not really 8- times 6=48, but it 
4% $18 8 times G2=480, becauſe the 6 frands in the 
{| Lace of Tens. Eo i Tf. 3 = 
I. An: bere it is nor 8 times 5=10, but ics really 
4% 58 umes 50c=45c0, becauſe the 5 ftands. in the 
Ie place of Imare 5s. „ „„ 
4 c La*ly. hecauſe the 2 in the Malt iplicand ſtands 
. 


614.017 in the ploce of Thonſonds. it's rherefir-, 8 times 
f E: 8000—=5.4009, 2nd nit & runes 80 1 


63 5529 The Som of che particular Products, which 
tze true Preanct, as before. „ 


gives 5 5 


By what hath been ready (aid, with a little Conſideration 
had to the Examples: ! preiume the Learuer may eaſily un er- 
ſand how to Multiply whole Numbers with any ſingle Figure. _ 
And when it is requird to My/tzply with more than one; Ihen 

lo many Figures as there are in the Multiplier, fo many patticu- 
| be Prod there , 88 
eſe That is, all the Figures of the Multip/icand mutt be Multipiied 
_ with every ſingle Figure of the Multiplier as if there were but 


one ſingle Figure; and the Sum of all thoſe particular Products, . 
will be the true Product required; but in thoſe Operations 


great care muſt be taken in ſetting down the parricular Pro- 

. duct, (which ariſe by each Multiplying Figutre ) in their proper 

own places. And that will be eakily done 1t the following Directi- os 
), or ons be carefully obſerv d. | „„ as eee 7385 


1 © Always ptace the firſt Figure (or Cypher) of every 

3 ys place the firſt Figure (or Cyp ery. 
445 Viz. 5 particular Prodact, directly underneath the Multsply* 
dich (eiu Figure. Or thus: Re 7. 


7bich The firſt Figure (or Cypher) of the ſecond particular Preduct : 
he 5 muſt ſtand directly under the ſecond Figure (or place) of the 
ace; WE #/: Product; and the firs Figure (or Cypher) of the third 


j 


| Example 4. g 
ö Suppoſe i ir be required to Maltipy 57495 into 50058. 
$7493 
1 | 60008 | | 
=_ 459934 The Product . | 
i! | 244998” Ihe Product with 60000 


163 | = only rake care of placing the firſt Product of the laſt Figare, VIZ, 


3 of rhe Multiplicand, or Multiplicator, or to both ; in that 
it i aalſe Multiply the Figures as before; neglecting the Cyphers until 
if! | e the particular ProduZts are added together; Then to their Sun 

2 annex ſo many Cypyers as are in either or boch the Factors. As 


1 8 in thele, 


1 . 5 34503 35984=57498X600-8 as was 5 required. 


= W ben there is a Cypher or Cyphers, to the Right-band either 


77 Karithmetick. 3 Part l. 


particular Prod act, muſt ftand direaly — the third F. Bure 
of the fr ſt Pro. ſuck: And ſo on until all is done, 
| Now tbe reaſon of placing the firlt Figure of every articular 
Product in this order, will be very obvious to any one that con- 
ſiders the laſt Example ; wherein the Cyphers are only ſer 
dove n to ſhew the true diſtance of the firu Figure in each par- 
ticular Product from the Units place. And altho it is not uſual 
to fer down Cyphers | in this manner; yet they are ahvays ſup: 
pos 4 to be there: Thar is, their places are always left void, as 
i the two following Examples J Woven 1 have — Points 
inſtead of . | 


Exampie * 


La It che e required to Multip'y 7 79034, into or with 7563. 


e The firlt particular Produdt wah N 

468564 The ſecond particular Product with 
ne be third: particular Predu with _ 

546658 *** The fourth particular Product with 


550 6 2 523 5 Se Total, or OY required. 


- Here you may obſerve, that I vals over the 8 4 


of 60000 according to the feregoing Directions. 


| Example j 
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Exampie 5. Exam U. Example - 

i eg OB 7850 
„ 88«»ꝛ» dees 
57228 | 3 e 1 | 
43874300 EY : _— . 

„ eee 


Te 4 few Example Sd their oy at lege 5 


75549 K 579 4389771 
6870 X 336 224457200 
530574 X 45007 238840447 18 
7991275 X 300002=237041250coO0 5 
33708 400 X 590% 0 = 3172555 18800 
102030405 X 50403020 125 142640554026 1405 
| 58765432 * 1234557 29=12193263 1112535 269 


Ire; If ir be required to Multip! „ any Number with 10% 

| Too, 1000, Icooo, Oc. it's only Annexing the Cyphers of | 
che Multipli ier to rac Figures ot the Matiphicend, and the Work 
5 don. 1 
| Thu 7 -578%10 26780 578 X loco =57309 
$78X100=578c0. 578 KP 779550 &c. 


: Theſe Ti (being well under? tocd) are ea to 
inſtruct the Learner, in all the varieties that can happen in 
Multiplying of whole Numbers, according to tre Method ge- 
nerally pract iſed : However it may not de amiſs to ſhew here 
how Multiplication may be performed (wich many Figures) 22 


Addition wy, 
and „„ ny, Example. 
, VIZ, 

11 it 1 req; aired to Multiply 879654 in'o . 

ither In order to perform this (or any other Operation of this 
that WM kind) by Addition only; you mult: make a Tariffa or dall > 
until Table of the given Multiplicand, in this manner: „„ 
Sum Firſt. Make a (mal! Column, and in it place gradually down: nk 


As ward the nine angle Fun; VIZ, To 2. 3) 4: 5 cc. N 


pie 5. EE 3 mt -— Tuen : 


EO Arttiwet 5 Part l. 

Ihen aga te Figure 1, ft down the Mult iplicand 
(which in this Example is 879554) and 2 gaintt the Figure 2. 
ſe: cown the double of the Matti pl. id "tound by Adding 
it to its felf ; To this double Add be Aulciplicaud, ſecring 
down their dum againlt the Figure 3. And 


ſo proceed on by a continue. Ae until | 279654 
there be Ten times the Mileiplicand in the 21759208 
Tebe which, if the werk is true, will be the 32638952 
Nuleiplicand it ſelf with a Cypher to the Right 435115 516 
band of it (as in the Annexed Table) this be- 514359279 
ing done it will be eaſie to conceive, that the 615277924 
Fizures in the {mall Column of the Table, da. 7 5157573 
relpectirely repreſent thoſe of the Mul:iplier ; 87037232 
And that the Numbers againſt any o rhote Fi- . 5 —5 
8 in the ſmall Column, will be the true L25630 
P:oduft of the Multip!icand agreeing to any Ny — 


Figure of the 1 3 as plainly 2 by « the work of 
p this 5 155 . 


e 


4 os the Fadtors as bet ure. 
| A: aint 3, in ide Table 5 is 2638962 27865455 

Avainit 6. N VVVJVVVCCCVCC C 

Again 8, is ee ee ende 
Azainit 9 9 „ 5 18 79 CEE | 7965 ö CJ 

Aga nt, e 8 IHATOGES 


— — — 


Tix Product 8 2s 722507 = 9790 54 * 1 5 


Tate, This Mei chod of. Tabulating t the Multipiicand, is both 
eaſie and certain; being neither tybj- to Errors, nor bur- 
83 to the Memory „and theicfote in large Calculations 
7 may be found very ut bat. But for common practice the 
uleſul Method (as in Page 18. Oc) is bet and to be preterr'd 
before this... 
Mult Mafters that teach (and ſeveral Authors that write of) 
Arithmetick do Each to proye the truth of Multiplication. by 
cailng away all the Nies thar are con: ain'd in both the Factors, 
and their Product; bos ecauſe that Method is very erroneous, 
as might be eafi 15 ſhew'd ; L' ſhall there fore omit inſerting it, 
and leave the Proof of Mzitiplication to rhe next Sedion, where- 
in (I prefume) ) the Ræalon and Prot, both of 1 " and . 
will plainly ) * 


Seck. 5, 


e m— 


ect. 5. Of Diviſion. 


| Diviſion is 2 Kalz by which one Number may be ſpeedily | 
| CSrbſtracted from andthe r, ſo many times as it is comained : 


therein. 
That is, Ir f peedily diſcovers how often one Weser is contain · 


ed (or may be found) in another: And to bern this there - 
are required rwo Numbers ro be given. | 


I. The one of them is that Number which is propoſed 10 be 


Di: led and is called the Dividend. 


2 The other is that Number by which * (aid Dividend i is 
0 ve * dided, and is called the Diviſor. To 8 
Autry comparing thele two, viʒ · the Dividend 4 Divilir 
t py T7, there wall ariſe a third Number, called the Quotient; 
w -thew: 8 d. v often the Divi hr is co: neained i in the Dividend, 
erut K bar Number of Equal Parts the Di ridend is then Divi- : 
© 3 GB; crefir „ 
Dino. ;Fa Nita Ind fe, ly? term'd the meaſuring of one Ned 
6: nther, oy ane — is laid to Meature another by tbat 
Jener, „heb when I 1 e or is RE by i ir, it pro- 


as SF 125 Eucl. 5 8 Def 47. 


A if 


An Nomber mea ring . er, Malt ply that Number 
hy whici at Alan eth, or be Multi lied by it, it produceth the 5 


Nubur which it Medi erl. Eocſid. 7. Axicm 9. 


— 


the truth of e:ch others Operat ions. 


E ſha'] therefore make choice of the Sep ing Examples i — 
Maltrplic cation, in order (as [ preſume). to render che Buſineſs 8 


0! Div ſion more plain and eaſie. 


Firii Let it be required to find” how ofien 61 is comained i in 


24. That is, to Divide 24 by 6. 


N. B. Ale ays place down the 1 in this order, | 
fit let down hs Diviſer, and to the right hand of it draw a 
crooked Line; then let Cown the Dividend, and to the right of 


ir draw an ker crooked Ling, in which maſk be placed the 
ea; 1. nt F Cline or Fgures a INI become found. Thus, © 


Th: is 10 jay, If tar Number wwhica Divides another, (called | 
the Or ſor) be Multiplied with the Number which is produced 
ty N Ccalled rhe Quotient ) their Product will be the 
Number Divided or Dividend, Whrnce it follows thar Diviſion 
wi Multiplication are the C onverſe or direct Comtrary one to 
another (a+ SHractien is to Addition) and do mutually prove 


Di len 


ä — — —ũ 222 


22% "7 ERIerc. | Fare t 
it 4, vir. 4 times 6 is 24, therefore 4 is the true Quotient or 
juſt 4 times. Therefore 4 is the 


true Quotient or Anſwer requi. 


Anſwer required. | 
This is apparent by Subſtract ion, as . 
in the Margin, where 24 the Divi- Ne 8 ws 
dend being ſet down, and from it 6, 2 I 2 
the Diviſor is continually Subſtract- 2 = 
ed ſo oſten as it can be, which is | 8 $S : 
— 8 
8 


From hence it is evident; that Diviſion is but a Conciſe or 
Cempendious Method of Subſt racing one Number from an her 
as Otten as it can be found therein; for if the Diviſor be conti. 
_nually Subſtrafed from the Dividend, accounting a' Unit (or 1) 
for cach time it is *ſtralted (as above) tue Sum ot thole Unit; 
will be the Qustient. VVV 8 


. All Operations in Diviſion do begin contrary to thoſe of Mul: 
Sulſtraction of each Product arifing ſrom the Diviſor when Ml. 
tiplied into the Quotient Figure. And the only difficulty in Oi. 
diem of whole Numbers (or indeed of any Number) lies iin making 


choice of ſuch a Quotient Figure, as is neither too big nor too 
little; and that may be eaſily obtained by oblerviog che follow: 


tle firſt Figure of the Dividend: So often muſt the ſecond Figure 


muſt the third Figure of the Diviſor be taken from the third Figure 
of the Dividend, Ge. ny | | e 


the firſt Fizure of the Dividend, Then, 


9 


| Ds.” 
| Diviſor 6) 24 (4 the Quotient. 
Here I conſider how many times 6 there 1s 10 24, and find 


5 


o e 


Ccrollary. 


e1plication, viʒ at the firtt Figure to the left hand, or that of 
the higheſt value, and decrevie the Oividend by a repeated 


ing Kule, which bath two Caſes. 
Caſe 3 as obs firſt Fignre of the Diviſor i taken from 
of the Divilor be taken from the ſecond Figure of the Dividend, 


when it's joyned with what Remains of the firſt. And as often 


Bur if the firtt Figure of the Diviſer cannot be taken from 
Cale 


| 


* i 
2 


GING NS 


— 


"of Diviſion. 2 5 23 


Chap. 2. 


"Caſes. So often as the foſt Figure of the Diviſor, zs ale from 
the two firſt Figures of the Dividend, ſo often muſt the ſecond 
Figure of the Diviſor be talen from the third Figure of the Divi- 
dend, when it s joyn d with what Remain'd of the ſecond: And ſo 
often muſt the third Figure of the Diviſor be taken Few the fourth 
Figure of the Dividend, ©c. | 

Thar is, rhe Quotient Figure muſt be fuch, a 

lied into the Dziwulor, 


— — 
ͤü—— I — — — — — * ry em + 


as being Multi- 


"1't Produce a Product equal to ſuch à part 


of the Dividend as is then taken for that Operation: Bur if ſuch _ 


a Product cannot be exactly Found, then the next leis muſt be 
taken and ardered. as 10 the fallowing Examples : of which let 
that in Page 16 be the firtt, wherein there was given $569 the 
Multiplicand, and $ the Mutt. pier. To find the Product 68552. 
Let us here ſuppole he ſaid Product 68552, and 8 the Multi 


plier, both geen; thence to find the Maliplicand: Th 15 is, „ 
| Let ic be e to Divide 63552 by 8. 


: Pcs - | 
| Divijer 8) 655 * 3 2 when fra” 


According to the Rule c * 23 compare 8 the Dzwi/or with 


| 6 the firtt Figure of tlie Dividend, and finding I cannot take ic 


from that; i then cos filer (by Caſe 2.) how often 8 can be 


taken "wg 63, the two firlt Figures of the Dividend and fird _ 


it may be taken 8 times; for 8 times 8 is 64, being the breateſt 5 


Product of 8 Cimo any Fleure) that can be taken from 68. 
therefore place 8 in the Qutient, and with it Multiph 8 the - 
Diviſor, ſetting down their "Product underneath the (41d two firſt 


Figures of the Dividend, Subſt ts it from them, and chen the 
Work 2 land | 


Thus 8) 63552 (3 | 


. 


In Rn to a ſecond Operation, I make a Point wk the next 
Figure of the Dividend, viz. under the 5, 


that means become 45. Then I conſi der how many times 8 
can be taken from 45, and find it way be 5 times; for 5 times 
S is 40, I therefure place 5 in the Quotient, and with it Mul- 
tiph 8 the Diviſor, ſetting down and Sulftratting their Product, 
as belore. Ihen the Work will tand 


5 They. 


and bring it down 
underneath its own piace to the Remainder 4, which will by 


24 3 Arurmetich. : = Part l. 
| Thus 89) 63552 (85 
40 


» - . 


| : 
For 2 third Operation, 1 make a Point nnfer the ne ext Fi. 
gure of the Dividend, viz. under the 5, and bring it down, as 
before, proceeding in all reſpects, as before; and then "the 
Work will ſtand 
Thus 8) 68552 (836 


Lat, 14 point nd bios 4 the 2. 11x the laſt Ert 
| of the Dividend to the Remainder 7, which will then become 
72, and proceeding as in the other Operations, I find that 8 


| 4 | he Diviſor can be taken juſt 9 times to 723 and tac Work 
1 s 8 and will ſtand 
tf ns oe 8) 63352 65 
1 4 
4 2 
„ 
1 f „ og 
EE  - (9) 
14 The true 1 is found to be 8569, being 2 17 the 
f 1 5 Eighth part of 685 52, or the Multiplicand of the props Ex» 
14:6 -. _- le of Multiplication. As was required. | 
1 he Reaſon theſe Operations will be yery plain to any one 
N. that willa little conſider of it as 5 follows, | 8 
. 
14 
1 10 4 | 


—— 
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| Diviſor 8) 685 52 (80g. The firſt Quotient or Figure. 
IIe _ This Product of the Diviſer into the 
„ 4 Dies iS 64000. viz, 8 times 8. 
Sara? e Co Faw or pe 0 RE Fane 
18 | } fam gree with that Figure 
H 


| {| under which the T'nzt's place of its Pro- 


ws Ho 1] x. datt {tands, 5 
as Diviſar 8) [445 5 ( 500. _ The lecon1 Duorient Fipur 4 
the Subſtrat | And here the Product is 4000. viz. 
iin C8 times goo. not 8 times 5, Sc. : 
Diviſor 8 ) : FP y (60. Ihe taira Quotient Figure. | $5 5 
ade, , Jae gg. Fr . Ke er 


Diviſor 3) "== 912 (9. | be fourth Luotient Figure. LE L 

5 I No here the Product is but 72. vix. 

Sulſtrace f 49 times 8. becauſe the 9 ſtands in the 
HO | 4. EB ¾ ̃ ˙ op 

Remains (00, Now tac Sum ui a tueleveral Tutients, 


; 515. 8:2245co+60T9=856z. 45 befor. 5 5 


gure 
me 
18: 
ork 


If the Proceſs of this Example be well confider'd and compa- 
pared with that of Multiplication, Page 17. it will evidently 
appear to be only the Converſe of that; for the particular Pro- 
| ducts are alike in both, ovly that which is Loſt there is Firſt 
bere; there they are Added, here they are Subſtracted So that 
WK avever undertiands the true Rez/ou of the one. muſt needs 
underttand rhe Reaſon of the otuc, and then Divijion will be- 
come very Eajie, although the Piviſor conſiſt of le veral places 
of Figures. ))%VVVV˙V% os 


Example. 


Let it be required to Divide 592624922 by 7563 
no as OO ap 
 Diviſor 7563) 559624922 ( 


Tis plain ar fight, that 7563 the Diviſor, cannot be taken 

/ the from 5906. the like Number of Figures in the Dividend. 5 
Ex Theretore, by the ſecond Caſe of the Rule (Page 23.) there 
init be allowed five Figures of the Dividend, viz 59002 for 
one e fiſt Operation or Quctient; that ſo the fiſt Figure 7 of the 
* Dior may be taken out of the two fi /# Rues, vie $0 
| Di ot the Dividend, GC, : 55 | „ 

| e VVV’, 


5 5 "Arirymetich. | Part l. 


Then [ J 7 per Caſe 2 ) and Fe how ET 7 may 
de taken from 59. and find it may be raken 8 times, for 8 


times 7 is but 56. which I menially Subſtratt from 59 and 


there Remains 3; to this 3 I mentally adjoya the Third Figure 
ot the Dividend viz. O. Which makes it 30. out of which [ 


muſt take tre Second Figure of the Diviſor, viz 5. ſo often as 


I took ogg from 59. waich was 8 times. Bur thar cannor 


be, for 8 times 5 is 40. Which is "_ than 30. therefore 8 


is too big 2 Figure to bepliced in the Quotient; Yer, hence [ 
- conclude, that the next leſs, viz, 7 may de taken withour any 


| border 1, ] rherefore place 7 in the Quotient, and with ir 


 Multip!y the D Diviſer, {erting down their Preduct under the Divi- 


dend. and Subſtract it from thence, as in the cer E: RE, and 
then the Wark will tand 


Thus 7563) 590624922 Oo 
* C 


6121 


In order 6 to a e cee I make a Pogut avder the t next - 


Figure of the Dividend, viz. under the 4. and bring it down 


to the Remainder 6121, which will then become 612 14. with | 


which | proceed in all reſpects as I did before with the 59062. 
and find the next Quotient Figure will be 8. with which J 


 Muirip!y the Diviſor, &c. and Subſtraft their * from the | 


ſaid 612 14. Then the Wark will ttand : 


| Thus 7363) 59624922 8 
52941 i 


8 
680504 


5 710. 


To this Remainder 710. 1 point and briog down the next 
Figure of the Dividend, vi7. 9. Which makes it 7109; now 

becauſe the Diviſor 7553 cannor be raken rom 7 109. | | rhere- 
fore place a Cypher in the Quotient. 


And this muſt always be carefully obſerved, viz. Tha is, eve) 


Figure or Cypher, which s brought down from the Dividend, in 
order to a new Operation, there. muſt always be either a Figure, 


_ or Cypher, 1. down in the Quotient | 288 he Work will 


ſtand | 
| Thu; 


I 


Chap 2. en EMERY 
5 | Thus 7563) 590624922 (780 ; 
32941 
561214 
5050 
7199 


5 "PS this 710%, I bring Jown another Free of the Dividend, | 
viz. 2, and then it will become 71092, then I conſider bow 
often 7 can be taken from 71, &0c. (juſt as at the firit Operation) | 
and find it may be taken 9 times, therefore I ſer down ꝗ in the 
| Lwotient, and with it Multiply the Di viſor, ſetting down and 
Suftratting their Product, as before; Then the Work wil ſtand 15 


Thus 7563) $9062 4922 (1809. 
32941 
| Eng © 
1 e. 


71092 
88052 


- e 
Jo this Remainder 3025. 1 point and bring lawn the lalt 


Q ing in all reſpects as before, I find the Quotient Figure to be 45, 
with it L Muriph the Diviſor, ſetting — and Sub Wan. _ 
Product 48 beide and then the Work will ltand 1 5 


Thas 7563) 59062 4922 (78994 | „ 
VI. 
61214 
2 

710922 

. 

. EY 

_ 1 85 | 1 Fo 

re · V 5 = £0000) - 


Po 


5 | Here = Work is bs. = 1 find . 3 to hs - 
in 73094, being the true Mulriplicand ** the propord Example of FE 
Ire, Multiplication, Page 18. 


Figure 2 2 of the Dividend, which makes it 30252, then proceed - 


vul That is, 7563 is contained in $99624722, uſt 73094 - 


times, Ce. Ls | 
_- non CT 11 


9 um 


A Pat L 


If the Work ot this Example be contideced and compared 
with the Rule (Page 22.) the whole buſineſs of Diviſion will 
be eaſie; tor indeed the only difficulty (as I faid before) lies 

in making choice of a true Quotient Figure, which chnnot well 
be done according to the Common Method of Diviſion, without 
Trials, yet thoſe Trials need not be made vit the whole Diviſor 
(as appears by this laſt Example) for by the two firſt Figures of 
the Diviſor all the reit are generally regulated; except the ſecond 
Figure chance to be 2, 3. or 4, and at the ſime time the third 
Figure be 7, 8, or 9, then indeed reſpect mult be had to the chird 


Figure according as the Rele directs. „ 
However, if thoſe Trials are thought too troubleſome, they 
may be avoided, and the fame Quotient Figures may both caſily 
and certainly be found by help of ſuch a wall Table made of 
the Oiviſor, as was of the Multipiicand in Page 20. 
Example 4. | 
Let it be required to Divide 70251897402 by 79363. Fee 
the Example of Multiplication page 2, and as there di rec bed malle 
Diviſor. Dividend. 


179863) 70251307402 (879654. Quotrent, : 
4 5 - ee 5 The work of this Opera- 
3 THIS 2” e qi 4; prefunc may be ca(i- 

. STATINS” Bu eee ly untertiood. For thoſe 
— 4 : 170 + : 1770997 Figures in the Table are the 
5 7590 41 „ 1867 8 Products of the D:vijor wro 
563890 4 922304 all the 9 F,gures : conle- 

ol7 8767 422128 quently thole Figures in the 
33 43 2 mall Column do thew what 
I 82e 395315 Eyre is to be placed inthe 


—ů Qin; without am 
319452 qhqubtful Trials of the Di- 
379352 wifor With the Dividend, as 

(ooοοο . before. | 1 | 


This Method of Tabulating the Diviſor may be of goed 
Ute to a Learner. Eſpecially until he is well practiced in 
_ Dwviſim ; yea, and even then if the Diviſor be large, and a 
_ Quotient of many Figures be required; as in Reſolving of 
high /£yuat:ions, and Calculating of Aſtronomical Tables, or thoſe 
o VCC 


Tip. %_ "of Diviſion 29 


- 


— 


Hitherto I base mace choice of E 3 wherein the Divi- 
dend is truly Meatired or Divided off, by the Diviſor, with» 
out leaving, any Remarnder, being thoſe as were compoled 
of the Diviſor and Quotient. Bur 1+ mott uloally falls our, thar 
the ve _ will not exact ly meaſure the Dividend; in that 

a kemainder (after Diviſion is ended) muit be ſet over 
t 5 ba D 5 v with a {mall Line berwixt them adjoyning t to the 


/ ent. 
2 Example „ 
Fu 1 Ic were required to Divide 379, by 5. 


4 the Kemarnder, 
FF: ie 078 —— 1 


3 1 
455 Exa pie 6. 
Aga in, Let it be required to Divide 43739, by . 5 
67) 43789 (95357 0 Tac true Quotient required > 


40 


37 
237 


„ 
%% 
: Remains | (38). „ ol . 
Nw ſuch Rmainders thus place? over the? r piviſos eln 
are indeed Wuizar Frattions) may be ocher wile managed, thall 5 
| be ſhew d farther on. 
N. B When the Diviſor happens to 1 an Unit, di 1 with 
2 Cypher, Or Cypyers annexe.! to it, As lo, 100, IOO. Se. 


e Diviſi n is truly per form- d by cutting off with a Point or Com- | 
y ma, ſo many Figures of rhe Dividend as there are Cyphers in the 
i- Diviſor; then are thoſe Figures ſo cut off to be acccumed a 
1s | Remainder, and the reſt of the Figures in the Dividend will be 


the true Quotient required, becaule an Unit or 1 1 neither 
—"— nor Ne | 


| | Example 7. 5 es 
d Let it be required to Divide 57842 hy 100. The Work - 
in may ſtand tbus, 100) 578,42 the e required, or 
a thus 100) 57842 (57342 rhe ſame as before. | 
of WF Hence it follows, thar if -any Diviſor have Cyphers to the _ 
ſe Right hind of i, you may cut off lo many « of the lat Figures 


. In 
4 : a 
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- ds Dividend, and Diana the other Rg of the Dividend 
by thoſe Figures of the Diviſer that are leſt when the Cyphers 
| are omitted. But when Diviſion is ended, thoſe Cyphers ſo omit- 
ted in the Diviſor, and the Figures cut off! in the Devidend are 
both to be reſtored to their own n 


Example 8. 


Suppoſe i it were required to Divide 67 5459 by 5 409. 1 


5459) 673469 (125. 

N 
135 

108 

"74. 

| 270 | | 

: | Remains NI, But the true Remind IS 469. 
Conſequently the true Luotient i 18 12552 8 


As to the wanner of proving the of any Ci 
| os r in Multiplication, or Divijien, I pretume it may be eaſily 
underitood, by what is delive d in Pate 21, compared with 
the three firſt Examples of Diviſiun; For from thence it will 
be eaſie to conceive, that if the Diviſor and Quotient be Mule 
 riplied together, their Product (with whar Remains after Diviſion, 
added to it) will be equal to the Dividend. As in the fifth Ex- 
ample, wherein the Dividend is 379, the Div for is 5, the, Tuo- 
erent is 755 and the Remainiaer | 8:4: by 
i, ſay, 75X3=375, to Which Add the Remainder 45 i r will 
379- 
Again, in the ſixth Example, the Divifer i is 67, the Quotient i is 
653, and the Rmainder is 33. 
Then 653X67=43 751, "and 4375 1+33=13789 the Divi- | 
dend, &c. 
Tiere are ſeveral af ful Contra? ions, beth in Diviſion and Mul- 
tiplication, which I have purpoſely omitted until I come to treat of 
Decimal Arithmeticx. Alſo | have omitted the buſineſs of Evo- | 
Turion or Extracting of Roots, until further on; and fo ſhall 
conclude this Chapter with a few E camples of Di viſi on uawrougbt | 
at CG leaving that for the Learner O Practice. 5 | 


570) 43800771 (55 . 
Or 73649) 43300771 (579 
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45007, 233340447183 (530674. 
Or 539674) 23534044718 (45007. 
3536) 244572090 (687000. 
59600) 57559066400 (967434. 
10000) 67954392cc00 (67954392, 
799 8 656575. 


CHAP. ul. 


dnn Addition and Subffracion of Numbers 4 
different Denominations, and howto Reduce them from 
one Denomination 0 another. | | | 
1. of Engliſh Cain. 


THE leaſt piece cf Meney uſed in England i is a fran, | 
8 and d from tdence arileth the * as in this T. 


0 * is 2 Crown. 

105. is an Angel. 

65.84. a Noble. 
1 44. a Mark 


+ —14. Ps i 8 
5 And 9 
N 13 S 
| 3 111 Pound ad Sterling. 


Note. hs hen £ 5. 4 7. are placed over (or to the Right 
Hm of Numbers, they derte thoſe Nu mers to lgnity Pounds, 
Shillings, Pence and Fart!: * — 


"0 1 
As 35 10 6 2. "Or an © 103. 6! 4. Either of theſe 
| do ſi ignity 35 Pounds, 10 Shillings, 6 Pence, 2 Farthings. 
The ſame muſt be underitoud of all the tollowing Chara- 
Zers, belonging to their * Tables, viz. Ot es | 
—_— &c. 


2. Troy 22 zh. 


|, The Original of all Weights uſed in alt. was a «Chan of 0 
Veat gathered out of the Midale of the Ear, and being well 
rear 32 of them were io make one . Weight, 20 Penny 
5 n 150 | 


* 


As 
E 


C Arie nctick. Part I. 


| Weight one Ounce, and 12 Oninces one Pound 2 vide Statutes 
of 51. Hen. 3. 31. Edw. 1. 12. Hen. 7. 


But in latter times it was thought ſufficient to Divide the 
aforeſaid Penny Weight into 24 equal Parts, called Grains, be- 


ing the leait Might now in common uſe ; and from cheace the 
elt are computed as in this Table. 


"6 Ff F- By Troy Weight are 
2 1 P. W. Penn richt. „ cf Weighed Fewels, Gold, 
= 28 Fa. Gunce, 5 Note, Silver, Corn, | Bread, 
TOO eee eee agg e WP BO e Co 
$760=24 5812821 * Pound. 


| Beſides che i common Divi ons = Troy Weight | find i in An- 
gliæ Not itia, or, The preſent State of England, Primed in the 


Year 1699, that the Ayers (4 as Tas Author Calls them) do 


Subdivide the Gramm, | 
| t 24 Monks 


| =1 . | 
7 - a 20 Periots => A Drazte. | 
5 120 | ) 24 Droites — 1 Mite. 
N 0 N. tes 1 Gram, KC, 4s b. fore, 5 


1 " Amels ec.tries Weights, 


| The Aprhecaries Devoe a Pound Tr 9, as in this Table. | 


: NE ESR: 
Ir. Grain. 


1 202 J Scruple | 


erate” — 


60 13 Dram. 
480. 24 8 F Once. 


on 2 2 2= 1 Wi: Try, the ſame : as before. 


By theſe Weiobts the PUR ecaries Comput their Medicines, 


Lut oO and Sell their Drugs by Averdupois Weight. 
4 Averdupois Weight. 


- When Averdupsi: IV:ight became firſt in Uſe, or by what Law 
it was firſt (erti-d, I cannot find our in the Statute Books; bur on 


the contrary, 1 find that there ſhould be but one Weight (and 


one Meaſure) uſed throughout this Nalm, viz. that of Troy, (Vide 
14. Ed. 3d. and 17. Ed. 3.) So that it ſeems (to me) to be firſt 
_ Introduced by Chance, and ſettled by Cuſtom, viz. from giving 
good or large Weight to thoſe Commodities as are uſually weigh'd 


wh ir, Which are luch as are either 2 te and Drdlſy, or 


very 


r e . a 2 oz 
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very tubject ww „alt: As, all kind of Grocery Wares. And | 
Pitch, Tar, Rſin, Max, Tallow. Fla, Hemp &c. Copper, Tin, 
Steel, Iron, Lead, &c. Alſo. Fleſh, Butter, Cheeſe, Salt, &c. To . 
theſe and the like (I preſume) it was thought convenient = 
allow a greater eight than what the Laws had provided, 
which happened to be about a ſixth part more: For ] found dy | 

a very nice Expe-iment, that one Pound Averdupois is equal ro 
14 Ounces, 11 Penny: weigh, and 15+ Grains Troy. And it is 

now computed as in the tollowing Table, 


4 Drams. SH. | 5 1 t 

16—\ Crences. Otmeer, | nn | 14— Stone. ; 
436 — 16. b Pes LY ne 4] : 
28672= 1762= 112 1 C. andre. 5 A 
234. = 35245= 2 2240=20=1 Tim. os 


7 Lap Meaf tre. 


As the leaſf part of Might came at 6rſt from a Nea Cir: - 
fo (it's generally (4; d) :he lait part of Long NA lraſure was ar firſt 5 
a Barly Corn, aken out of the middle of the Far, and being 


well dried three of them in ! ugth were to make one * and : 
thence the reſt, as in tuis Table. 


5 „„ . Ca Nut =3 of a d f 
Lee, . Anda Tod =1 EI. 
1 3 =I. Inches. (2 | 141 I Fathom | 


J bi 
188 383 L . 
F594 = 198= 161 5<=iÞ- Poles. 

: b 23760= 79292 660 2 20-45 — ; g. 


4292 — 


| 190930 =93360=52 8—.— 2 —— lle. 


Note, Thar forty Poles (or Perches) in length, and four in 
Breadch do make a Statute Acre of Land. 

Thar is, 220 Yards, Multipiied into 22 Todi=4Byo Square 
Tards are a Statute Acre, 

And according to tbe Tante of the French Academy, 
4 687, a Paris Foot Royal © s 2,8 Inches E, gliſn; tix of 
thoſe Feer make a Toiſe ; and 5-050 Toife — 3% 84 Engliſh 
Feet, are the Meaſure of one Degree t a great Circle jo whe | 
Surface of the Earth. So that one Degree is 69 Miles 2 8 
Tards, which is very near to our Country man Mr Nor wood 's 
Experiment made betwix: London and York; Anno 1635; who 
{ tuund that 367 56 Feet = 69 Miles, od 9 58 Tards do make a 

| = © De, 


74 Arithmetic. Pat T. 


Oren OI Ee 


4 5 2 
e 


- %4 "Nt — -* 4 »_ 
* 2 
-< > 


— — 


Degree. And not 60 Miles, according to the common received 


Opinion and Practice of the Navigators or Samen. 


Hence, according to the French Account, the Circumference 


cf the Earth (ſuppoſing it to be a true Spherical Figure) is, 24899 


: e Liquid Meaſires. e 
All Meaſures of Capacity, both Liquid and Dry, were at firſt 


made from Troy Weight. Vide Statutes 9. H. 3. 51. H 3. i2. H.7. 
Kc. wherein it is Enacted that eight Pound Troy WWergi:t ol Meat, 
gathered out of the middle of the Ear and well Dried, ſhould 
make one Gallon cf Wine Meaſure * And that there ſhould be but 
one Meaſure ſor Nine, Ale nud Corn, throughcut this Realm 
(Fide Sta. 14. Ed. 3. 15. Ne 2) Bur Time and Cuitom bath 


alter d Meaſures, as they have done Might (and perbaps for one 


and the ſa ne Renſon) for now we have three different Meaſures, 
Viz, one for Nine, one for Ale or Beer. and oue for Corn. 


I have inſerted Tables of each as they are now com puted by 


Cubic Inches, and practiſed in the Art of Gauzing, &c. 


— 


The common Mine Gallon ſealed at Cuild- Hall in London; by 5 


which all Mues, Brandies, Spirits, Strong-waters, Mead, Perry, 


Sz der, Vinegar, Oyl and Honey, &c. are Meaſured and Sold ; is 


ſuppoſed to contain 231 Cubic Inches, and fiom thence the reſt 
are com puted, as in this Table. | : 


x „„ 5 Gall. 5 S 

Cubic Beetz, ISI Nunlet and 

5 23 IG Gee. | | Note, ) 312 wakes Vine 
14553 C =. daR. 


5 JJC os; Pinto. 
[19404= $4==3 I =; Funcim 


_J29i06=: 25==3 =2 =12==1 Bree or Pite 
ee 


5 But Doctor II bard in his Tectometry, Pape 239, dorh ſup- f 
poſe the Vine Gallon to contain but 224, or 225 Cubic Inches at 
rae molt, nd purſuant to his account an Experiment was made 


by Mr. Richard aller and Mr. Philip Shales, rwo General Offi- 


cers in the Extiſe. They canſed a Veſſel to be very exactly 


made of Prats, in farm of a Parallelapipedan, each tide of its 


5 Baſe was a. Inches, and its depth 14 Inches ; lo that its juſt con- 

tent was 22.4 Cabick Inches. This Veſſel was produced at Guzld- _ 
_ Hall in London (May 25th, 1688) before the Lord-Mayor, the 
 Commiſſuners (f Exciſe, the Reyerend Mr. Flamſtead Attr. Reg. 
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Mr. Halley, and ſeveral other Ingenious Gentlemen, in whole. 
preſence Mr. Shales did exactly fill the foreſaid Brazen Vetlel 

with clear Water, and very carefully emptied ir into the old 

Standard Mine Gallon kept in Guild Hall, which did ſo exactly 

fill it, that all then preſent were fully ſatisfied the Vine Gallon 
doth contain but 224 Cubick Inches (this notable Experiment I ſaw 
tried) Hcwoever, for ſeveral Reaſons, it was at that tine 
thought convenient to continue the former ſuppoſed content of 

231 Cubich Inches to be the Mine Gallon, and that all Compura- 
tions in Gauging ſhould be made from thence, 3s above. | 
The Beer or Ale Gailon (which are both one) is much larger 

than the Hine Gallon, it being (as I preſume) made at firſt ro 

_ correfp5n1 with Averdupos Weight, as the Wine Gallon did with 
Troy VWeight : For (as 1 ſaid before Page 33) one Pound Averdu- | 

pon 1: equal to 14 Ounces 12 Penny Weight Troy, very near. —— 

And, as one Pound Troy is in proportion to the Cubick Inches in 
2 Wine-Gallon, fo is one Pound Averdupois to the Cubick Inches 
in an Ale Gallon, That is, 12: 231: : 1444 ©: 283, very near 
the Cubick Inches contained in an Ale-Gallon, as appears from an 
Experiment made by one Nicholas Gunton, General Ganger in the 

_ Exciſe, about 36 Years ago, who by ſuch a Veſſel mentioned 

before inthe laſt Page, did find the Standard Ale- Quart (kept in 
the Exchequer, Vid. 12. Car. 2.) to contain juſt 7043 Cubick Inches, 
conſequently the Ale-Gallon muſt contain 232 Cabick Inches, and 

from thence the following Tables are computed —\ + 


— — —äñꝛʒů2 ͤ ' <7 


pn OSes es Ale- Meaſure. 

I 28221 14 Ferhgn of Soap andef + 
| 2256= 8—=1Fertin. Nore, < Herrings are the ſame 
r - 6 wath that of Ale. © 

6 | SITE Cir One nn ans 
— [ 


_—— 


1 "II — — 


3536=48=6=3=14=1 Hogſhead.— 
mar Meaſure. ; 
| ie 


| 5076=18=2=—1derkin. 


10152==36=4=2=1 Barrel. 55 
1 5228—=54=6=3=13=1 Hoo ſhead. 


3 * 


old Standard Mine Gallon, as Averdupoi: Mei 


3858  _ Qritinnetick Port 1 


N. B. This dutinction or difference betwixt Ae and Beer - 


Meaſure is now only uſed in Lenden. But in all other places of 


England the fo a ving Table of Ber or Ale, nc ther it be ſtro 
or ima, is tu be obſerved, — — by F 5 Oe of Exciſe 
made 1 in the Y-ar 1689. | 


Cub. Inches. 
| 281— Gall, 
| RR 
2397=d:;=1 
| &791=: 7 =2=8=1 —1 Nd. 
25 9588234 A= I 
1 — — — 22 


7 Of Dry Meaſare.. 


Dy Meaſure is different both from the Vine and Ale Na ure, 
being as it were a mean betwixt both, tho no: exactly ſo; which 


upon Examination I find to be in praphrtion 70 the atoreſaid 
10e 1s 119 Troy Weight ; ; 
That is, as one Pound Trey iS to mn Pound Averdupois, ſo is the 


: Cubick Inches contained in the old 73/7 ne Gallun: To the EI 
Incbe: contained i in the Dey or Corn Gallon n 7 
CCC is very near to 2724 

the common received coltent 1 Cora Gallun. at no it's 


other wiſe ſertled by an act of Parliament made in April 1697, 


abe War ds of that At are theſe: | | 
„Peer! Round vuitel with 4 plain ard even Bk 0972. being made 
5 Eigbre en Liches and à haif wide throug.vaut, and Eigut Inches Deep, 
hHouid be eſteem d a Legal Winchetter Buihel, —— to the 
HY andard in is Majeities Exch- quer. YL - 
| Nowa Viel being thus mae will contain 2 150. 42 Cubick 
Inches. con quently the Corn Galle on | doth contain bu t A607 Fant 


bical Inches = 

| © i __ Exch. Inches. | | 4 e 2 WY | 
263g 16 /, N LO Quarter — _ 
$37,6= 2 Peck. „ | i — Fern 


| 2150.4 8 4=1 Bu ſbel. 
117203,2=64 =32=$=« ; "WO 


— — — 


1 obſerv d amongſt the Lead Mines in bee, 6 Anno 1692) 


that the Miners bought an! lol their Lea4 Ore, by a Meaſure 


Which they call d an Ore-Diſh : whoſe Dimenſions 1 carefally 
Tok and found them | 


Length 21.3 f 
C Breakth--6- 
4 Depth 84 8 


Conſe⸗ 


6 ot 1 cc 4. «as 


+ Pp 
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—Conkquently i it's Content is 1073.52 Cubick Inches, which is 
very near equal to 4 Corn Gallons, according to the above-menti- 
oned Serrlement. 

Nine of thoſe Diſhes they call a Load of Ore, which if it be 
* will nes about 3 Hundred d Weight of Lead. 


8. of Tixe, 


TY is not an eaſie hs 4 to give a true Defnititn of 7 Time; bor 
Bt according to the Phileſophick Poet) 5 


Ts Time of it felf 6 is "nothing, but 5 1 

5 * Receives its Riſe, by labouring Fancy wrought 

| © From things conſider d. whiiſt we think on ſome 

© As preſent, ſume as paſt, or yet to come. 

No Thought can think on Time, that's ſtill confe 7. 
© But ehinks on Things in motion or at wad 


And lo on, Vide Lucretius, Book J. 


bat is, Time only ſtews the tas or Mutation of PP IR 


2 . ar being the Standard or Integer, by which ſuch Continn. 
| ance or Charpo is comput ed. Ana a Har is that Space of Time _ 
in which thb 347; (Ar pen ly) CO! nplcats! irs Revolution from any 5 
one Fart in the Eciiptick (an 1maginary Circle in the Heavens) _ 
to th: laine Point again, Kb. ch according to Modern Olſerva- 

tioxs is perfo: md in 365 Days. 5 Hours, 48 Minutes 57 Seconds, 


21 Ti;;rds, &. But a Second being ihe leaſt part of Time that 


| can be iraly Meaſured by the Motion of at'y Mechanical E nem, as 
| a Clock &. (a third being leſs than the e of an 1 5 I — 


beginthe NY, Table with Secunds. 


e Fi 
| e 8 
36 | og Herr. pe oat 
8640 1445 24 = DN. 


[31555937=53 eee Be . 5 
„„ | 5 Cale Rar. 
But the common „ Tear, 7 . the Fulian tear, doth N 


confilt of 365 Days and 6 Hours. and is divided into twelve nn: 
equal Months, called Calendar Months, whoſe Names and Number e 


ol * are the N « every . 


To 7 


— — — —2—— — ——— L—a—ũ—ê <A — 


38 Arithmetic. Part 


Talent of Gold 
: The Cd Dram = 


„ 


r 


To theſe Tables it may not be amils to give a "brief Ae 
of ſuch Coins, Weights and Meaſures as are frequently mentiond 
in the Scriptures. As I have Deduc'd them from thoſe which 
ſeem to be the mot Correct, inſerted in the Index to the Large 
Bible, Printed Anno 1702, and com pared with thole uſed | in be: 


5 land, OP the Lord Biſhop « of . 


The Hebrew o hight, compared with Lo | Toy wright. 


Oz. Pw. Grain. 

. A Geral 49 0.10% 

10 Gerahs=a Beh o. 4 134 
| 2 Bekkabs D Shekei=] 0. 9. 3 
100 Shekels=a Menah 43 12 43 


* are, A Shel! 18 faid to be their ſs Weight. 


Tres r Coin. {7 * e, 1 | | 
| Rs A 1 du 7 1 = : Weight 60 4 | 
Talent of Silver = 35 7. 10% Weight is 300 Shells. 


5075 . 455 7x The fame Weight men 
1 0 5 tioned in Ex. 2.19. 


be wo 1 mentioned in the New Te Nane. 


A Denarius, or Silver Penny=7 d. 3 Furthings. 
85 Aſſes of Copper — =20:'-1 Farthings. 
Aſſrium . 1 + Farebing. 
Quadrans . Z of a Fart hing. 
5 A Mite . 7 of Farben, 


, | Their Log Mule, compared win Engliſh Mere. 


Tar. Feet Inch. Parts 


1 A Fingers Breadth =\ © F 95912 
4 Finger Hand s Breadth =| "0. ©. 3 648 
2 Hand Ahe leaſt Span =| o. o , | 9,296 
& . Breadth—=the longeſt Span O. . 10944 
ee longeſt Cubit =| ©, 1. 9888 
4 Cubits= a Fathom =| 2. 1 . 3 552 
6 Cubits=Ezekiel's „ß 43.3 
400 Cubits—=a Stadium = 243. ©. 72 
10 Seadium S Mile =[2432. ©, © 
3 Miles=a Paraſang . ©. © 


Which i is $4 head Miles and 256. 


en 


* 


Chap. 3. Addition of 1 weights &. 39 


Engliſh Nine. 
al. 1 Inch. 


* of * compared with 4 G 


4 coryla . © . Ox 3,037 
AL = [O. ox 9,83 
4 Lg. Cab O. 3 .10,458 
40 ca. , o.6; 125 
3c Hin=] 1:3: 2.5. 
. 23: Hons=a Seab=| 3.4 45. $» 
e Sea Dan Ep: 4 T 4-5 353. 
5 10 Epha's=a Chomer= | „5 Ja$ 


8E +4 2. Addition of eights, Se. 
The foregoing Tables being lo well underſtood, as that you 


can readily tell (wichour pauſing) how many Units of any 
one Denomination, do make one of the next Superior Denomina= 


tion (eſpecrally in thoſe Tables as are moſt. uſeful for your Buſmeſs) 
it will then be as eaſie to Add, or SubſtratF them, as to Add or 
Sulſtratt whole Numbers, due care being taken in placing all 
Numbers that are of one Denomination exactly underneath each 
other. That is to ſay, in Money place 5 under Pounds, 


Shillings under Shilling, Pence under Pence, Underſtand 


the like in Weights ad "Meaſures, &c. bs Foy to their ſeveral 


| | Denominac1ons : Then | in 4 daition n this _ 


Rule. | 
Almays begin with thoſe Fences of the Loweſt o Leaf Denomi- ; 


nation, and "Add them alvgether into one Sum, then conſider how 


many of the next Superior Denomination are contain d in that 
Sun, / mau Units you mt carry to the ſaid next Superior De- 
nomination t be Atied 7 g2ther with thoſe Figures "aha ſtand 
there; and if any thing Remuin over er above thoſe Units ſo carried, 
that Over plus muſt be ſet down underneath its own Denomina- 
tion: Aud ſo proceed on from one cnoauoart ion to another uncil 


all be 2 


| Example ; in Coin. | 


Let it be required to Add 351. 145. 05d, 1 271 02 5. 
10 d. and 540. 13s. o4d and 10. 17 5. O9 d. into one Sum. 

Theſe particular Sams being placed, as before dire ted, Will 
ſtand as in the Margin. 

Then according to the Rule, I Ws wich the Pence ( being 


here the loweſt or lea't Denomination) and Adding them alto 


nd Thnd their Sum to be 29 d. that is 2. and 5 Pence; 
(tor | 


7 e5d. 


3 Arichmerick 1 


(for 27 2 and 29—24=5 ) the * i 
I fer down underneath its own Denomination, 


33 | „ 
and carry the 2 3. to the place of Stallings, 1 65 5 A Fn. : 10 
Adding them ard all the Shillings rugetaer, ; 5 13. 0% 
1 find the Sum ro be 48 b. wiz. 21. Bs. Iſet I7 . 2 


down the 8. underneath its own place of 

Shillings, and carry the 2 J. to the place of 118 . . 
| Pounds, Adding them and all the Pounds rogerher, I find 42 | 
Sum is 1280. e the Total Sum required 1 is 128 J. o8 . 


Now, for as much as it often happens in bing Books of | 
| Accompts (and in other Bulineſs) that it is required two Add up 
large Sum of Money, conſi ting of 30, 40, cr more ſeveral 
particular Sums, nay, perhaps filling up the whole length of 2 
Sheet of Paper, I humbly conceive in thoſe Caſes the beſt and | 
eaſieſt way will be to part them into Parcels, not excceding a. 
bove 10 or 12 particular Sums in each Parcel, and Sum up (on | 
a by Paper) the Particulars in each Parcel; that done, Add to- 
gether all the Sums of thoſe Parcels into one Sum, and that will ; 
de the Total Sum required. 
Alſo to avoid the making of Paines, or ether Marks amongſt 
_ your Figures, it will be convenent to * the . Tables | 


; by heart. 


The Pence-T: . . Shilings Table. _ 
5 1221. : T2z=6- | 1c l.. 120=6-* | 
vo. tay | ͤ ner. I 
JJC 160 88. 
. 108 2 9 FVV 180 = 9. 
50. =. . 12016. TD 10⁰ ö. . 200=10% 


The Uk of thels Tables i is fo obvious that 1 preſume * us | 
nredle is to en them. 


Examples in Addiion m Weights 


by Weight. 355 — Weight. 
1. Ox. Pw. Os. "tim, C. 2. W. O. 

3 + 09 . 00. 10 | 211. 2 24 42 
'T O08 , e : 1 1 3 +» $1 - 35. 
10 . 10 . I2 + 22 9 18 + 1... 14 1 

J%%%%%VVꝙͤ - 3+ 27 + = 


Sum 21 % « OJ « 04 Sum 23. 05 0 + 05 . 05 


vn A” Re ED - SE” &: W. — 


one borrowed, and 15 makes 16 3 10 au be, but 


Chap. 3.  Subſtraction of weights, 8. ar 


Examples in Addition of Long- Meaſure. = N 
Yards. Ors. Nails. Miles. Fur. Poles. Yards. Feet. Inch. 


 » 2 F 5 9 | 
17 „„ of VVV 
F * VV 
182 Cn Sam 1 iy + 5 1 — 


Ti think | it acedich to * 3 more Examples of this kd: | 


for it theſe 5 (eſpecially the laf) be well underitood, they will | 
be ſufficient to thew how any other may be performed. 7 5 


- So. 3. enbifracion of Weights, &c. 


Sul, ration is but the Converſe of the precedent Work, and 5 
muy be . by ee this m_—_ : 


. | 


- Nin with the loweſt or leaſt Denominarion { as 2 in Addi- . 
tion aud take or Subiiract the Figure Cor Figures) in that place 

of the Subtrahend, from the Figure (or Figures) that ſtand over 
them of the ſame Denomination ; ; ſetting down the Remainder (as 
in Page 12.) But if that Sit be dene, then you muſt. increaſe 


che upper Figure (or Figures) with one of the next Superior Deno- 
minacion, and from that Sum make Subſtraction; and ſo proceed 


to the next Superior Denomination, where 5⁰¹ muſe pay the one 


borrowed, by adding Due to the Subtrabecd in that ont Se. 
4 in whole Numbers. 5 


— in Coin. 


. 5 a 


From 386 ts 03 From 569 . 10. 6 
Take 228 W Sub. 389 15 08 
Remains 213 + = „„ 179 14 10% 


The firſt of theſ. E — is ſelf evident, In the ſecond. 


; Example, beginning at the place of Pence (being here the leaſt 


Denomination) ] am to take 8 d. from 6 d. bur becauſe that 7 
cannot be done, I matt (according to the Rule) borrow one of 


 thenext Denomination, Viz. 15s. and Add it ro the 6d. which 


makes it 18 d. (for 14.212 d. And 12 4. +6 d. 18 d.) then 


take 8 d. from that 18 4. and there Remains 10 d. to be ſet 
don underneath the place of Pence; that done, I proceed to 


the place of Sbillings, . . I muit now pay the I 5. ſaying 


16 


_—— 


TI. > 


. Sali c deal... ag A... .: 


9 n — — . — _— . on x ; — 8 
hd ” — 8 . 7 3 Br vert 
2 a — . ” r 
8 . * 8 i — = Im , * . n 
* 7 i . OS 72 * — — **. _— * * 
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8 16 from 30 and there Remains 14. Thar i 18, 1 hw one of 


_— — — — — — 


6 


So 


the next Denomination, viz. 11. and add to ir the 107. which 


makes it 30s. (for 1/.=20 5. and 20 0=30) having ſet 
down the Remaining 14 6. underneath its own place of Shillings, 
I proceed to the place of Pounds, where paying the 1 /. bor- 


rowed, it will be 1 borrowed and 9 is 10 from 9 cannot be, 
but 10 from 19 and there Remains 9, and fo on as in whole 


| Numbers until all be finiſhed; And the Remainder will be 
179 l. 14s. 10d. 


| This Example being a little conſidered will render all * 


— This Au eaſie· ; 


| Examp! es in s Weights, 


75 oy Mie, inde Averdapis mig. | 
Take 2 5 18 = =» TK i BL I'S. 
on e 17 Nes 2 2 24 Fg 14 
Anas in Long 3 | 
ya ds. g's. nails. miles. fur. pol. yards. feet. inches. 
From „ 3 0 3. 1+ 13 
Toe 9222 1 
tt 43 - 3 3-4 -35 +4 +010 
” 5 Ex mole in Time. 7 2 
„„ 
From 8 45 . Fa 
Sulſtract 265 21 + 46 + 36 


| Remains 10 20 48 45 


The Proof of Addition and Sub 81 in theſe Numbers of 
different Denom nations, is the very fame with that of whole 
Numbers in Page 13. I mall therefore refer you | to that _ 


oo omit 1 it here. 


Seck. 4. Of Revuaton, 


5 By ate, Nader; of different Denominations are brought ; 


into one en 


- That i is, it RI or c chow any ROPE 8 b | 
55 poled, into any Iaferior or Leſſer 2 mm 


> 


— = 


G7 om 1 


ſill keeping them equivalent 1n value. And by that means 
they become firly prepared for Multiplication and Diviſion ; 
which otherwiſe could not ſo cony-niently be performed, 


* Therefore the Buſineſs of Reduction is very uſeful in the Rule of 
Proportion, (commonly called the Golden Rule, or Rule of Three) 


eſpecially ro thoſe who do not underſtand either Vulgar or Deci- 
mal Fractions: And it's thus performed: t 


Rule. 


Conſider how many Units of the Denomir ation required, mae 


one of that Denomination propoſed to be Reduced (which is eaſily ; 

| known by its reſpeftive Table) and with that Number of Units, 
Multiply the Denomination propoſed, and their Product will be the 
Number required. 55 e e 

8 8 . e Example in Coin. 3 

Let it be required to Reduce or Change 357 J. into Shilngs, = 

and thode Shillings into Pence, Which ſhall itil be equal in value 


W with the 3570. 
' Multiply with 20 the Shillings in one Pound. 
OO m140=the Shillings in 3571, 


Multip'y with 12 the. Pence in one Shilling. 5 pe 


- 1418 


— 3680 he Pence in 357 l. as was required. 
Or 3571. may be reduced into Pence, at one Operation. 
57¹ 


4 | 
Multiply with 240 the Pence conrained in one Pound, 


1428 

Wee einzelne 
Bur when the Numbers propoſed to be Reduc'd are of ſerral 
Denominationt, and it is required to bring them all to the low - 

elt; you muſt Reduce the higheſt or greateſt Denomination to 

the next leſs, Adding the Numbers that are of that leſs Denomi- 

nation together, then Reduce their Sum to the next lower Deno—- 
mination, Adding together all the Numbers that are of that Dena- 
minatjen, and fo proceed gradually on until all is done. 
e ,, wk 


—_— 


44 Arithmetick. Part l. 
Example => 7 


Let i ir be required to Reduce 375 l. 17% 10 d. 3 4. into one 
G8 vn. into — e 


375 L 17% 10 4. 37. „% F 


4 PTE ar x= 3 — —— — nr nu __ 
k Mo þ . — : 9 — 6 
Sy te C tedious — gs „ > ea 
. — - pl - — - 
1 


| et, in 375k = 
T ' #7 
1 1) the uli in 375 . 17 5 4. 
3 1 = 
| 15034 | 
7517 


 $0204=the Pence i in 3750 174. 
| 10d. | 


— 


rr 


bebe Pence i in 37 31. 17 . 10 d. 5 


ee Farchings in 557 175 Le 
3 7. | | . e 


Vit OF: 355 859 Farthings— =375 4 175 104 37: 25 was required. 


— 


| The work of this Examyl te, and ail other Operations of this | 
kind, may be ſomewhat mortned by adler the following Bt 
Elethod· E 


375 l. 17 5 1 3 e 
„ 1 and Aad in the 175. 
7817 
12 N 2 rnd Add i in the 10 4. 


5034 | 
Fs (-Z 
90214 
4 Multiply 8 444 in 1 3 71. 


: 50850 the omg as before. 


| E xample 5 in Troy-Weight. = 
S it be required to Reduce 29 Ib. 8 07 · 18 put. 21 2 


Thu 


into the beat Denomination, Viz. into Crains. 


, 


Chap 3. Ot Reduction. _ | 855 45 


Thus, 29 is. 8 N. 18 pwe. 21 gra. 


Multiply wieh- 2 the oz · in i  th- and Add i in the 8 oz. 


65 
29 | 
355. he Ounces in 29 16. 8 my 


| Multiply with. 20 the pts. in I ox- and Add in the 13 Pwe. 


7138 the pwte. in 29 15. 8 or. 18 pwr. 


M. tiph — 20, the Grains in 1 heh and Add in he 2l 9. 


171333. the Gan) I. 8 18 er 214% 


Fiel two Examples ar large being well underſtood, may 


fue to ſhew bow all Operations of this kind are perform; 
either in Meighes, Meaſures, or Time. I ſhall only inſert a few - 
__ of each fort fur the Learner's practice. 15 


* An 23C. 3 qrs+ 21 IB. 9 0 e me ; How many 5 1 — 
| Ounce. Anſwer 429 905 Ounces. ERS 5 


In 2 52 Engliſh Mzles. How many Tards, B ad "EF . | 


a 443520 Tards=1330560 Feet=15966720 Inches. 


1 2 In 1692 common Years, How many Days, Hours and. 
= Minutes. _ Anſwer 618003 Dos, 04533072 Hours, 889924320 = 


Minutes. 


Noe, a common N 365 Das, 6 Heurs, ſee Page 37. 1 

4. Ta 5786 Ponds, 1 7 Shillings, er Sterling : How mam 

A Sills, Pence and Farthings. | : 

= Anſwer , 115737 5. 1388853 d. or 5355412 Farthings, 5 
Tbat is. 57561 175. 9 4 115737 5. 94 = 1388853 4 &c. 1 
Ihe next thing will be to ſhew how to bring Numbers from 

@ leſfer to a greater Denomination, which by moſt * Is 


called 9 05 yory e | 
Reduction A 8 


This Work is the converſe of 1 lalt, and i is  perfrn'd by : 


Div ſrn "0. 5 
Rabe. 


Conſider how many of the Denomingtios 1 1 one 7 15 
the Denomination. required. and make that Number your Divitor, 


9 which Divide the Denomination prope 3 and the ponent 
10 be the Nm required, 


Example 


= 6 


46 "Arithmerick. | 1 Part] 
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| 5 Example. | 
| | 1 . it be e to find how many Shillings and Pounds are Þ 
contained in $5680 Pence. 

85 I be Pence in 15. are 12) $5580 (7140 5. 285680 d. 1 
6 Again the — in 1 . are 20) 7140 5 the dufte 
15 e required, 
CE Th "ke Example 3 in Coin. 


How many Pence, Shillings and Pounds, are comained in 
254559 Farthings. | 
| 12) 20) | 8 
4) 264359 (66214 4 d. (53517 5. 2751. BK 18 


— | a 


| Remains 750 3 J. 1 4 Note, the [WT ag is yi of the 
fame Denomination with the D:vidend, | 
The lat Duotient 275 L. together with the ſe vera N E 
gives the Anſwer required : | 
8 X. * 1. 17 8. 10 d. 3 4= 264939 Forli: 


5 Example i in Troy: W eight. 
| Suppoſe i it were required to find how many puts. ors. and . 
8 are contained i in 171333 Grains. = 
. 24) 171333 27 . G56 (29 b. 
g 168 208 . 8 SEEDS 
%ͤͤö;—Q K 116 
- (I. 128. 188 
213 
| 192 = 
| Remains | (21) Se. | =) 
ow 29 ib, 8 oz. 13 pw. 21 27. This and the lad — | 
are 08 reverſe or probf of thoſe in Page 44, 43. 


. In 09997 F Guners Aver dupots Nen; How many Pounds, 
| Thus vi 


We, 


Chap. 3: Of Reduction. 5 5 47 


e 5 
Thus 16) 42905 (268 11k. (35 77. (23C. 

Vn. 

130 161 - (3) = 

per | 1 44 


JT (21) Anſwer 23 C. 3 Jr. 21 15. 9 . 


1 159667 20 I How many Engliſh Miles, Kc. | 
3 252 Miles, &c. As Occaſion requires. | 
There are many alefu] Duzſtions may be anſwered by belp 
Jof Reduction only: As the changing of one ſort of Coin for 

_—_ ; and comparing of one ſort of Meaſure with ano- 
ae, Ge. 


For Inſtance ; Suppoſe one had 347 Rix · Dollars, at 4 5. 64 


ger Dollar: and defired x to no- do wy Popes Sterling 
they make, Z 


e Pence i in one e Dollar, Viz, 4% 6 i= =54 d. 85 


ib; 
Toe 3 
. 781 1s. 6 4 1 are 47 Rix Dollars." 
Breſt. 2. In 645 Flemiſh Ells ; How many Ells Engliſp. 
Note 3 Quarters of aTard Engliſh "Nc & one Ell 2h an i 855 


13 r 5 Jug ters of a lady an Engliſh Ell. 
1 therefore 645 


Zœthe gre. of a Tad in 1 E 1 Flemiſh. | 
| gre. in one e Eli; ) 1935 (387 Engliſh Ells for the Anſwer, 
Nurſe. 3. Suppole a Bill of Exchange were accepted at Lon. 


ton, for the paymen of 400 J. Sterling, fur the value deliverd 
at Amſterdam in Flemiſh Money at 1 13s, 6d. for one Pound 


nple = 
Firſt, 11. 135. 6 d.= =402 d. the Value of one/. Sterling at : 
imſterdam. | 


Then, 402 d. W 0 d. =570 L Flemiſh, and fo much 
Was deliver' dat Ferns C H AT. 


= 
Thus 


Sterling. How much Flemiſh Money was delivered at Amſterdam. | 


—— 


——— - — * 
— — — 
4 
i 
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© Uulgar Fractions. 


: " det: 2 — « 
- * of 9 — * 
3 _ — * - * 


5 E C Y - Of T2xatton- 


„ OG AER er; — rarer a 
_.o ord” +, 
* 2 


„ — 


Bad or Broken 8 is that which repreſents a Part 
5 | or Parts of any thing propoled (vide Page 3) and is expreſſed 
| by. two Numbers placed o one above the crker with © a Line drawn 
. berwixt them. 8 | 
4 | 
FA 2 Ms ts 
| Tou wy 5 4 rætor. 


1 4 4 Denominator. 


The Denominater or Number placed underneath. the Line, de. 
_nores bow many Equal Parts the thi rg is upp th be Divided 
Ainrto (being only the Diviſer in Diviſi n Ard tae N.merator ot 

Number Placec _— the Line, ſh*wws how Any ot thole Pare: 
ere coira:nes in the Fracticz (it being the Remainger alter Div 
Jen, (See Page 27. And theſe ad: Nit * three Dann > 


| Proper Gr Semple * | 
10 In gncpr Fractions: | 
OE e LO und | DD e 
1 proper y pore: or Simple Fra en f . that which is leſs than 
an Tit. kat , it re, le ate the iumedtate Pare or Parts of 
any thing 1: =_ na te Wa hole, aud therefore its Nameratar i 18 A 
a S 4etS t. 2 55 : e. 2 38 ribs 
"hs 1 1s one Fcurth . 4-4 Lis Ore 15 K 
s one Third Pat . F243 is t Thirds, &. 
Ani imprope er Fractien is that which is greater than an Unis 
Trat is, it _repretents tome Number of Parts greater than the 
whole reing; and 1:5 Mumerator is always Feane: a 4 tae 
| Denominator. 1 


ow 
a4 
* 


As Or 2 o¹ f: Oe. 
A ang und Fraltien is a Part of a Part, conſig ing of ſe 
veral Numeratcrs e connec ed e with tbe 
| word (ot) e | 
As of {of 2, c. and. are thus nk tie one Third of 

the three Fourths, of the two Fils of an Unit 

Thar is. when 2 Unit (or whole thing) is firit Dieidedi into 


8 Number of Equal I kan. and each uf ihoſe Parts are 
Fu belivickl 


1 


of ſe⸗ 
ith ie 


bird of 


W int? 
ts - are 


„divided 


if 3 be equally Multiplied with 3, it will 


— 


chap. + © a Fractions. 49 


Subdivided i into other P Parts, and ſoon: Then thoſe laſt Parts are 
called Compound Fratt ions, or Fractiont of Fraftions. 

As for inſtance, ſuppoſe a Pound Sterling (or 20 5.) be the 
Unit or Mole; then is 8 . the J of it, and Gs. the t 
thole to Fifthe, and 2s. is the. > of thole three Fourth. 
Viz. 2. of 4 of 4 of one Pound Sterling. h 


All Compound Fraftions are reduced to _ ones ; Thus, 


"Rive, 


Mokiply all the Nemeraton into one . fo Numerator, 7 


and all the Denominarors into one another for the Denomipator. 

Thus the + of 4 of 2 will become . Or r. 
For 1X3X2=6 the Numerator. 2d ZX4X5=50 the Denomi 
nator, bur 75 Or 1 of a Pound Sterling | is 25, As above. 


Ses. 2. 'To Alter or Change diferem Fractions i into one 
Denomi nat ion retaining the {ame Value. 


"bs a to gain a clear Underſtanding of this Section, it will 1 
be convenient to youth this Propoſition, 227 If a Number Mul- 
tiplying two Numbers produce other Numbers, the Numbers Pro- 


— of them thall be in the lame Proportion thaz the Numbers 5 25 


ne are, 17 Euclid 7. | 
Iuat is to lay. If both the Numerator and Denominator of any 2 


| Fration be equally Multiplied into any Number, there Praduths 


will rerain the ſame value with that Fraction. 
As in theſe, 225 2. Or tins. Or . Oe. 
That is, 2 and 2. Oc ; Dow's 5. Or ; ard 7 are of th? ſame 
value | in reſpect to the whole or Unit. 5 
From hence it will be eaſie to conceive how _ or more 
Fraftzons that are of different Denominations, may be alterd 
or chang d into others that ſhall have one common Denominator, 
and ſtill rerain the (ame value. 3 5 
Example. Let it be required to change? : and 2 + into two 
other Fractions that ſhall have one common bete, and yet 
retain the ſame value. | 
According to the 83 Propoſition, if e be equally 
Malt ip. ied with 7, it will become 33 viz. 2278585. Again, 
* 3 1 . Fr pany 


* . And by this means I have obtained two new Fa- 
dions 2 27 


Value with the wo firſt propoſed, viz. + =; ; and 2 A. 
H 


+ and 2, that are of one Denomination and the (ame _ ö 


. —_—_— 


7 OT EET . ˙—— —— a | won woman ———— - — 
3292 


_ 


+ 7 — 2" 
m_— a 


— 


* * 


— — 


oy 22 
«a. , * 
— 


as An. = — — x — 2323 * 


8 
— — + 
: - . 


oC Wo 


— — 
* » — + * g 


» _— 
- - * * 

— —— 

. - 2 . 

* — — — . 2 0 — 
— —— — Rats —— — 5 8 
* 

2 
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And from hence doth a iſe the General Ral: for bringing all 


Fract ions into one Denominat ian. 


Rule. 


Mul:iply all the Pester into vin har for a new ( * 


common Denominator. And each Numetator into all rhe Deno- 
minators but its own, for new Numerators. 


ay. nee Ler the e Fractions be, 2, and; 7. 
Then by the Re. „ 


5 Sw Denominatr And the new Numerators will be 
will be thus found, —& thus found. 
% OO 
Fa V 
* „„ 
6 „ a4 08. 
e e 168. 315. 360 


Hence 420 is the common Deneminator; And 140 163 


27 5 . 360 are the new Numera core, which being placed 
5 Fradtion-wiſc are 178 12 * L 3 _ the new Fra:Fions 
required. „„ 55 


15 5 3 3 TRE 43 5 
That i is, 422 —3 . 2682 * 11 2nd 26:4 0 


4 2 


| See. 3. To bring: mix d Numbers into Fragions, and 122 


. contrary. 


Mix d wakes are : brought into improper Fraffions by the 
following = : 


"Rule. 


| Mol ply the "SIRI Se W withthe e 


of the given Fraction, and to their Product Add rhe Numerator, 
tbe Sum will be the Namerator of the Fraction . 


Example. 9 by the Rule will become . For 9 


And, $5+;=*; the improper Faltin required. 


Again, 1287 will become 224. For 13X 15=*75. 
And 434+: '—225.'And ſo for any other as occaſion requires 
Io Fi the true value of any improper Fraftion given is 


_ only. the vert of this Ree, Fer E-7 *3=97 as before $ 


evide:: 


4 


ed 


ms 
be 
tor 


or, 


res 


1 18 
i 


T&1 hd 
1 # 
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evident : Then it follows that if 49 be Divided 4 5, the 2 
tient will give 94. And if 206 be Divided by 15 it will give ny 


137 Ge. conſequentiy it follows, That 


If the Numerator of any improper Fraction be Divided by its ; 
Denominator, cle 2 will the true Value of that 1 
| Fraction. 8 . 1 05 


 Exampler: : 


5 2525, fad 245. And 2 Or = 1 2233 G 


When whole Numbers are to be expretꝰd Fration-wile, it is 


but giving them an Unit for 2 Denominator. Thus 45 is 9 
1 and 25 is x, „ 


Set. 4. To \ Abbrcviate or Reduce F anions i into > their 


lowelt or 28 Denominat ion. 


This is ; done, not out of any neceſſity, but for . more con- 


venient managing of ſuch Fractions as are either propoſed in 


large Terms; Or ſwell into tuch, ether by Addition or other- 


vile: Beſi Jes it's moſt like an Arti;t to exprels or fer down all 


Fractions i in the loweſt Terms ponlible; And to perform that, 8 


it wil be neceſſary t 0 conſider of chele follows ing . 5 


N a are either Þ ame or Compoſed. | 


1. K Pꝛime Maar; '5 that which can only be Mues * 57 - 
an Unit. Euclid. 7. Defi. 11. | 
That is. 3. 5. J. 11. 13. 17. Ge. are ſail to be Prime 
Numbers, becauſe tis not pollible to Divide them into equal 
Parts by any other Number but Unity or 1. E 
Numbers Prime the one 10 the other, are fach as ayer an - 


Une doth Nie gſre, being their common Meajure. Euclid. 7. 
. 


For inſtance, 7 and 13 are Prime Numbers to each other, 
becauſe they cannot be Divided by any Number but an Unit: 
And g and 14 are alſo Prime Numbers to each other, for altho 


3 will Meaſure or Divide 9 without leaving a Remainder, yet 


3 will not Meaſure 14 without leaving a Remaindzr ; Again, 


altho 2 will Meaſure 14 without any Rem. under, yet 2 will not 


Meaſure 9 Withonr leaving a Remainder, S.. 8 
3. A Compoſed Number is that which ſome certain Nunber 7 
Meaſureth. Euclid. 7. Dei 13. 
For inftance, 15 is a compoſed le of. 3 Rr) 57 for 


PR eee 3 or 5 2 my Meaſure 13. Allo * 5 


$2 oy "Arithmetic." 3 Pyr 


$99. 


— : 4 - 
== = — 8 p 
. — . 
= 
— — — — —— — : 


_ 


t> arr pole.t of 5 "and 4, viz. "TW o, — ; and 4 will 
ac july 1 8 

4. Numbers comple! the one to he other, are they which 
zone Number being a common Meaſure to them both dorh Mea- 


la Euclid. 7, Defi. 14. 


"That i is. If we or more Numbers can be Divided by one 
and the lame Diviſor ; then are chole Numbers {aid to be com. 


poſed g ne to another. 


For in*ance, 4 and 21 are 4 compoſed hs ore to 
th> oth-r, becaule they can both be Meaſured or Divided by 7, 


For 7X2=14, and 7X3=21, therefore 7 is a common Meaſure | 
to 14 and 21. S0 that if 74 were propoſed to be abbreviated, 
1 wil become =: 


7) 14=2 ; 
| Ts 7) 213 


0 how thoſe Peateſt common Meaſures may be fount 


| comes rom * 7. On: 1. 2+ 3» and 1 15 thus: 1 885 


Raule. e : 
Divide FR gear Number by the leſſer, ad ths Divifor 


| the Remainder (if there be any) and ſo on continually until there 
be no Remainder left: Then will that laſt Diviſor be the preateſt 
common Meaſure (and if it happen to be 1, then are thoſe Num- 
bers Prime Numbers, and are already in their loweſt Terms, but if 
otherwiſe) Divide the Numbers by that * Dwitor, and thei 


> ns will be their * Terms required. 


Example. 
15 f it * required to find the bare common  Megfwe of 


- : 72 aad 108, vl oy rod . 
= 72) 168 (1 


136) ) 72 @ 2 5 4 Here becauſe 3 00 33 
5 36 is the * common *. 
5636) — 2 1 127 is Abbreviated 
. 36 £ 108=3 | ro > the 2 Termi. | 


Again, » fink the bean common Meaſure of 744 and 
Thu 


in! 


el 


3 "Tis required t ro Reduce 


Gaps ＋ "of niger Fractions. ay 
244 N 
155) 144 4 
Os 620. „„ 
: 124) 155 . 
e 
37 124 4 
| _ 


"He 1 31 is found to be the . common 1 i _ 
which 744 and 899 way. be Abbreviated to 24 and vg their 


loweſt Terms. 4 
Thus, 40 244 (=22. Cc. 
Note, If the propoſed Numbers be even, 
lower, by a continued my of them, fo long as — can be * . 


v. Divided by 2. 


Example, . 
2 to its leaſt Terms. 1 
Firſt, 343.5 T7 =, : Again 1) 57 2d Ts 
This done, you may calily perceive that 7 "will be the com- > 
mon Meaſure to 14 and 21, wiz. ?) 4 (. &c. . 
If the Numbers propoſed to be Reduced have each a Cypher, 


= 


or Opbers Annexed to them, they will be Abbreviated by cute. 5 


ting off a like Number of Cyphers from both. 
Thus, 553 will be . And 522 will be 5, ec. 
r 


Sect. 5 Addition of Fragions. 
What bath been done by the Rules in this Chapter ; is 


[OE TEIN 5 and 222=2 >. allo = ers 


1 chiefly 


to prepare and fir Fractions of ditferent Denominatzons for Addi. 
as Occaſion requires, viz- If they are Com- 


tion or Suhſtract ion, 
pound Fract ions. they muit be Reduced to Simple or Pure Fratti- 
ons, per Rule, Sect. 1 | 


If they are of differen: Deneminations they moſt be altered 


or chang d, per Rule, Sect. 2. 

That is, all Fractions muſt be brought i into one Danses 
before they can either be Added or n and that og Yo 
done, Addition i is thus performed. | 


| Rule. N | 5 
Add 1 all the Namerators, and their Sum will be 4 ws 


Numerator, 1 which Sublcribe the Common Denomin tor. 
| mee 


they may be Hugh: 7 


54 Arithmetick. : Fart J. 


—— 


Examples in Simple Ane 
Let it be propoſed to Add , + and + together. Firl, 


; I=z5: e, and + _ == per Seck. Mg 
Then rs. the Sum required, which ac. 


89— 2.9 


85 cording to is 3. is 12. Viz. 221. 


Examples in Compound Fractions. e 
Let it be required to Add + and + of into one Sum 
Then = of + becomes a or *. per Seck. l. And (per ect. ) 
3 and f rand . vix A= and += | bur r N 
the Sum Required, viz. of => 15 
| 4 | Examples in Pir'd Numbers. — f 
"Tis required to Add 5-- to 75. theſe per Sect. 3. will be 
Band g. And and will become and 22 per Sect.2, 
| Then! 5 r, and = LE=13> the Sum Required. 
Or you may bi1 ing only the Fraft ions 15 one e 
5 Thus, 55 and 75 will become 5 * and Ft 
Then ri That! is, 137 As before. 


7 
14 


Se. 6. Subſracion of Fractions. 


' Subtract ane Numerator from the other | according A tle 
Lueſtion requires) « and their Diff-rence will be a new Nume- 
rator, under which Sulſeribe ty toe ec Denominator, 4 


1 « Addition, 


; Rule. <7 


Example . 
Let it be required to take - 2 


at of - Fig and Fo 
| pr Sect. 2 


will become ++ * and > then 2 — tngd 
ns IS, . As was ud.” 
; Example 2. | 

"Tis required to $1) ſtrat 7 2 of from 14 b Firſt, of 

205 1 Apps Self. 'H Again | * and! + will become 2.3% 

„ 8 Example . . 8 

8 67. SabFrat 34 T > Firlt, 1 . and d t 


per Rule Sect. 3. Again, *;=' 
A Sect. 2 2, Then r — — . 
other 6 


A A :- A 


Chap. ＋ 


otherwiſe on: Firſt, 6:=52, then bring 4 + an into 


"of Mulgar Fractions. = 


432 2 


one 2 . HER — and 35 —3.— . 


"id 4. 
Let it be required to SubſtraFt + of of kom: 7 . 
Firſt, of of r. And 76 25 3 35 
Then 3 a er 1290 Jof 2 of + . Aswas : 
| required, 


It ibefe few Examples be well DR VS] the ads Buſ wok : 
of Adding and Subſtrating Vulgar Fractions will be eaſie; which 
is really much more difficult to perform than either Multiplication | 
or Diviſion, as will appear in the next Section. 


Sect. 7. Pulttplitation of Fractions. 


In order to pet form either Multiplication or Diviſion, you muſt 
prepare the Terms to be Multiplied (or Divided) thus; Reduce 


Compound Fractions to Simple Ones, per Se. 1. Bring Mixt Num - 


bers i to improper Fractions and expre is Muole Numbers Fractian- | 


wiſe per dect. 3. Alio it will be convenient to Abbteviate them 


to their maile it Terms when it can be done. * * : 
may be thus periormed. = 


} Mulriply the Ms one Lets — ak fir 4 New | 
| Rule. 


Numerator; and the Denominarors one into another, fr x 
> Wal New Denominator. As in theſe 


* Ke. 3j 8 
1 The product of + into £ 7 . That is, 394 
2. And the Product of 77 into E328 SITE: Or - 


3. Again, the Product of +7 into + of - rr. Or: : 7 


For a of i. Then Lr. 8 
4. Let it be Required to Multiply 6 with 32. . Theſe 
prepared for the Work will ſtand thus. ** , .. 
vir. = and 352 . Then = A or 205+ 
Or, otherwiſe thus, 63 8. And TOY” 1 

Then 18-F25=207, As before. 


1 52. ans GILL, Then Fey a Tf bg "a 1 2 = 

No the Reaton of this Rye for Multiphing of Fractions, and 5 
conſequently of theſe Operations, and all other red 
by it; will be evident from rhis following, 


Fs 


5  Aricymetick. Part I. 
Vz. If 5 be Muiplied with z ; according to 0 the Rule, thei | 


= ral will de 22. But 258. | 
„„ Nou 2 =2. * 3. But 4X2=8. ergo Nc. 


Sees. 8. Diviſion of Fractions. 


"The Fractions being firſt prepared as before directed, Divi. | 
fon 0 may be thus performed: | 
Multiply the Numerator of the Dividend into the Dede 4 

R ule minator of the Dividing Fraction for 4 new Numerator: 
And Multiply the other Numerator and Denominator to- 
N ior a new Denominator- 5 5 


e wa... 


. 5 | Exampler. „ 
— Let g be Dividedby 2 ＋. Vix. 97012 : +2: — the Quotient, 


That s, according to the Rule 6 X7—42 the new Numerator, 
- and 35 X3=105, the new Denominator, &c. as above. 


8 2. Let itberequired to Divide ννα . Viz); 2(33=1 
For 12X20==240 the new Numerator, and e 5 | 
_--: new Denominazor, Kc. as before. 


— ͤ W - 
tr r 8 8 


3. Suppoſe it it were required r to > Divide 11 + by 3 of . f 
Firſh, 3 of . Then 2 . | 
. RET 20% bel Divided by 34. r. a l by U 2 3. 
For 207 , and 3, Then z) 7 ( the Qua 
5. Let it be Required ro Divide 40 by * 
5 Fick, 40 242, and 5 J. Then 2577655 
55 But ===75 the true Quotrent Required. 
Ds © Suppoſe i it were Required to Divide 13 by ⸗ : Bl 
2 Firl, 13=7. Then ) <+ (*5=18;, the Quotient. 
125 7. Again, let it be Required to Divide by 6. 
1 Vis 295 for the Quorient Required, 


=. «as 2 — 


L N. B. From "Bs you may obſerve, that when an Whole Nam: 
ber x Divided by 4 Fraction leſs than Unity 2. the Quotient 
wall be greater than the Number propos'd to be Divided: But if 
any Fraction be Divided by 4 Whole Number, greater than 1, 

_ Then the Quotient will be 2 than the Dividend : As in the ina 1 
tf Toms, EEK c 


. : A; 
* we . ; * 


Chan. 5. Of Cecamal Fractions. 57 


As tv the Reaſon © ur Proof) of this Rule for Diviaing Rating: . 


'Tis only che Canverſe to that of Mulriplication, and will be very 


evident from this following. 
Let 8 be Divided by 7 Fo © Which according to the Rule i is. 


| thas 4) 4£(25 5 =4+ The true Quotient. Now ' 33, And 222. 
per Sell. 3. Conleque ntly % Divided by £ is bat the fame with 


83 Divided by 2. viz.2) 8 (4. The Qorient as before. | 
[ could have inſerted Geometrical Demonſtrations, for the Rules 


of Multiplication and Diviſion of Fractions ; but ſuppoſing the _ 


Learner purely unacquainted with thoſe kind of Demonſtra- | 
tions, I thought thele I be more e intelligible ro him, — 8 


58 in this 12 185 


1 H A v. 1 
of Decimal Fractions. 


pre, or oh whom this Excellns Jvc of Backen Arich: : 


metick, was firſt introduced is uncertain. but doubtleſs its 
Ins, and the Perfection its now in is ng: to larter Tear. : 


l of Notation. 
In Decimal Fraftions, the Integer or PWhole Thing ( hater * ; 


| be Coin, Weight, Meaſure, or Time, &c. ) Is ſuppoſed to be Di- 
vided into Jen Equal Parts; and every one of thoſe Ten Parts 


are ſuppoſed to be Subdivided | into other Ten Equal Pars, Kc. 8 
dl infinitum. 


The Integer being fo Divided 0 by bieten) into 10 1005 : 


looo, Toooo, Sc. Equal Parts, becomes the Denominator to the | 


Decimal Fraftion. 


. 22 c. 


68 1 0 00 1 0 9 1233 


Now theſe Denominators are ſeldom or never ſer down bur „ 


only the Numerators; and thoſe are either diftinguiihed, or ps: 5 
ra ed from Mole Numbers by a Point or a Comma. : 


Thus, 5,4 is 5:4. and 0,7 is . Z. 35,05 is 334. Ge. 


But before we proceed further in Notation, it will be conre- 


nient for rhe Learner ro conſider of the following Table, (taken 2 
out of the Learned Mr. Oughtred's Clavs Mathematics) which | 


thews the very Fm of Decimal Fraftions TE 


Arithmetic. 


SAMBESS 4 - © 
— l 


Pf pole Numbers. | Decima! Parts. 


— Maw 


A 
+ 
Wo 
'S) 


ws 


"a2 us Gar. o 1445 — 


2＋ 
- *paupun]] Y 0 $440 q bo 


*SHAT, 


| #2211 ſ 11. 0 


Jo gu 


IE 
*Spurſnoqr, 


ur og 


SPapunt 


2B 


Pur ſnoq L. v Jo $140 uo 
 *gpuvſnoqy, L Jo $14r q + 
10% NM Y Jo $440g O 


*Spuyſno; x, 0014 f085140 


| : 


By this Table it is evident thar as in whole Numbers or Inte 


gers, every Degree from the Unit; Place increales t wards the 
ſefi hand by a Tenfold Proportion: So in Decimal Pums every 


Degree is decreaſed towards the right hand by the fame Proper- 


tion. viz. by Tens. J Od lo ego 
Therefore thele Decimal Parts or Frafi:ns are really more 
 Hemogeneal or agreeing with Mile Numbers than Vulgar Fractiom; 


for indeed all plain Numbers are in effect but Decimal Parts one 
to another. JJ 
That is, ſuppoſe any Series of Equal Numbers, as 444, Ge. 


The firſt 4 towards the Lefr is Ten tunes the Value of the 4in 
the middle, and that 4 in the middle is Ten times the Value of 


the laſt 4 to the Right of it, and but the Tenth Part of that 4 


, x = 
I) berefore all or any of them may be taken either as Integers, 
or Parts of an Integer: If Integers, then they muit be fer down 
without any Comma or Separating Point betwixt them thus 444. 


Bur if Integers, and one Part or Fraction, put a Comms betwixt 


them thus, 44,4 which ſignifies 44 Hole Numbers, and 4 Tenths 
of an Unit: Again, if two Places of Parts be required, ſepa- 
rate them with a Comma thus, 4,44 viz- 4 Units, and 44 Hun- 
dred Parts of an Unit, &c. „„ 


From hence (duly compared with the Table) it will be eaſſe 


to conceive that Decimal Parts take theic Denominat ian from 


Tang HE Jeet, . 
ire. 0 A 


—_—_— 
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| Cophers 123 d to Decimal Parts alter not their Value. As 
50, and 15 00, or ,5000, Se. are each but 5 Tenths of Unit. 
For rr. And r. Or =. Per Selb. 4. 
of the lait Chapter. | f | 


But Cypher prefix d to Decimal Parts Decreaſe their Vale, by 


— 


' removing _ further from the Comma. 


EIFS : — ry 4 Tent) Parts. . 
e 5 Pear ote Hundred. 

Thus, 81 5 505 5 = 5 Parts of a Thuuland, _ 
500. 5=5 Parts of Ten Tyouſands, &cs 


Gals the true Value of all D:cimal Parts are known 


by their Dittance from the Unizs Place; tae which beiog once | : 


righr! y nen, the relt will be caſie, 


Sect. 2. Addition and Subſtracion of Decimals. 


1 ing down the propoſed Numbers to be Added or Sub- 
ſtrated. great care mutt be taken in placing every Figure direct- 


ly unicrneath thoſe cf the lame Value, whether they be 
| Mix d Numbers, or Pure Decimal Parts, and to perform that you 


muit have a due regard to the Comma's, or teparating Points, 


which ought al ays to ftand in a direct Line one under ano- 


ther; And to the Right band of them carefully place the Deci- 


mal Parts according to their yy Values or . from 
Unit. Then 


And from their Sum or Ditference, cut off ſo many 
LDeciwal Parts as are the — in any of the _ Numbers. 


| Examples i in ; Addition. 


Ade Subſtra d cham as if they n were yy Whole Nun 1 
Rule « bers ; 


: 1. it hs required to find the Sum of theſe N Numbers, 4 _ 
viz. 34, F which _ truly 


pan, will Rand 


ec 24 
„ r 
Tis, 4 50 
| 87,78 

fo 


S2 


Their Sum requird, ö . 
1 ; TIEN Teras; 


| Have not the ſame Number of Places, you may for convenience | 


of Opc ation ſupply or till up the void Places, by — 
| 99 As in theſe * . 


5 Thar i i From 74284 Fo 427,5 Fron 75,0034 


53,5784. 
Thar i is, From 562, Fram 3457 578 
the Exceſs. 468. 4216 „ SBI ITS 


Note, 1 two laſt Examples are ſuppoſed to be ſupply 4 wit 
0. hers, which if actually done would ſtand thus, 


* nnnnnn 


———— 


650 N "Aricomenick. bart l. 


nn 


Example * 


Let it be requied n to find the Sum of: : 25854424575 07 
+4 SOR 
34 573 
13 907 


 O—_— T—L¼:ʒĩ 


83.415 Ie Sum a 
When the Dries P:rts propos d ro be Added (or Subſtrated) 


© 45,0750 574. 678953 „„ 
50,180 „ EF RD 
..123,0057 78,0460 , - , Hs 
74.7020 „„es dose 
2480 Es _- 6.900500 ome 1640530 8 
318,3357 Sun a8 3.762 2727 W. 
| Examples i in 3 | . 


1 it be Required to ind the Difference berween 453375 ard 
74284. 
| | Example : "RE "Example 3. 


Take 45,375 Take 89.657 Taxe 57, 55 
— 28,909 347 343 Remains 17,128; 


5 Example Ss: 
Ler kit be Required to find the Excels between 562 an 


* ample q a 6 


„ 937 5784 Take 1 


„„ 3457378 
I 228 yy | $0008 -- 
| | es Exa n 


76 


d 


e 


ing 


with 


TT. 


(ide Page 1 
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Example 6. Fs Example. 7. 
From: 0.54892 From 1,000c00 
Tale 0439758 Take 05997543 

0, 108135 1 0002457 


Tee Proof of Addition and Subſtrattion 3 in Decimals i is the ſame 


Wita te at of A ole Numbers, Page 13. Se. 


Seck. 3. Pultiplication of Decimals. . 
Whether the Factors or Numbers to be Multiplied are pure 


| Decimals, or Mix d. Multiply chem as if they were all Poole 


— and for the true Value of their Produtt obſerve this 
|; | 
4 Cut off ( viz. ſeparate with a Comma) 7 many Places 


Rate, ) of Decimal Parts in the Product, as there are in n both the 


Factors accounted rogether. As in theſe. e 


— I: 5 Example » 
5 e 
3 | 234,3 
| - 4 0723 | 9636 : 
1 05 5 8 5 
Gogh 6424 
8 WAS 780.516 


{The Revlon why ſuch a e of Decimal Parts | wat 5 
E cut off in the Product, may be ealily Deduced from thele 


Examples. Thus, 8 
Ia Example 1. Tis evident, rhat 3 the whole W in che 


Mulriplicand, being Multiplied with 2, the whole Number in tlie 
Multiplier ; can produce but 6 (Vz. 3X2=6) So that of ne- 
| ceffity all the other Figures in the Prodlict mult be Decimal Parts ; 


according as the Rule directs. 


Or, the Rule is ev ident from PE M abiplication of whole 


Wer only: Thus, ſuppoſe 3000 were to be Multiplied with 
co, their Product will be 609000 3 That is, there will be 
0 many * in the Product, as are in both the Factors. 

) Now if inttea! of thoſe Cyphers i in the Factors, 
we ſuppeſe the like Number of Decimal Parts ; Then it follows, | 


that there ought to be the ſame Number of Decimal Parts in the 5 


Product, as there were Cyphers in the Factors, 
Again , the Rule may be otherwile made evident from 
Tagen . tans Let 325 12 be e with eh, 


into improper Fractions ( per Sect. 3. Page 59) will become 5 


truth ot the aboveſaid * Se. 


8 Aurel. Part l 


: C 
and their Product will be 780, 5 . as in — 2. above. 
Now 32,12=52-55 and 24, 24. which being biought Bt 


32r33=0+55. and 247 
Then ASN 4 =o 2 per Seft. 7. Page 55. 
But 1 22780 $24, 2 viz, 780,516 as before. 
Any of thele three ways do I preſume, — prove the 


Ex ample 5 : Example 4 9 
. oY 0675 
471276 — 2373 
235538 40275 
BER. 34470 _ 
: 34246, 6,056 ; 387, 775 


N. B. Tt Re falls out in ; Muſtiplying Parts with N 


| that there will not be ſo many Figures in the Product, as there 
_ ought to be places of Decimal Parts by the Rule : 


: you 2" upply their defect of prefixing * to | the Product ; 
1 & in theſe 1 ——_ | 


| Example 5. 1 0 
2365 0347 
4435 „0236 
11825 2082 
7095 "”_ 
9460 3 
K e | 
5758775 


Wben any propoſed wake of Decimals i 


with 10. 100. 1000 
8 ſeparating Point in the Multiplicand, fo man 


10000, Cc. Tis 


right hand, as there are Cyphers in the Multiplier. 


Thus, 2578 * 102378 And „578 x 100=57,8 
Again, 578 * 1000 =578 Or ,578 x 10000 % 


In ther caſe | 


is to be Multiple 
only removing the 
Y places rowards the 


| The 


red 
the 
the 


cle 


Chap. 5- Of Decimal Fractions. 63 
"Theſe things being conſider'd, it will be eaſe to Mulrzply De» = 
cimals, and determine their true Products. As in thele following - 

Examples. | lbs - | - 


57,056. Multiplied into 0,578 will Produce 32,973363 
7,6543 into 5,4245 will Produce 41,5215 1578 . 
| 0,35879 X 0,05674=0,0322731446 
,03246 * 0,02364=0,0007672544 
1 $7649 X 0 036873231, 1863 
= 9435786 X 6,57860=620,7511100034 
3,1413592 X 52,7438=165,6995001296 


Now it oftentimes happens, that it will be needleſs to expreſs 
all the Figures of the Product at large (eſpecially when the 
Factors have each of them wany places of Decimal Parts, as in 
the two laſt Examples) only ſo many of them as may ſuffice 
for the inten ied deſign ; wane? ge the Product may be as true to 
| ſo many Figures as are retained, as if the Factors bad been Mul. 
* tiplied at large. And ſuch Compendious Conti actions are not 
only of curioficy, but may alſo be found of great eale and uſe 


to the Ingenious Practitioner; eſpecially in Reſolving Adfected 


| Equations, or in calculating of Trigonometrical Problems by the 
| Natural Sines and Tangents, Sc. All which may be thus per- 
| Viz. Set the Units place of the Multiplier directly underneath 


| that Figure of the Ma]cplicand, whoſe place you intend to keep in 


the Product; And place all the other Figures of the Multiplier in 4 
uite contrary order to the uſual way. Then in Multiplying always 
. wr at that Figure of the Multiplicand which ſtands over the 
| Figure wherewith you are then a Multiplying, ſetting down the 
t Figure of each particular Product. directly underneath one ano- 
ther ; yet herein you muſt have a due regarduto the increaſe which 
would ariſe out of the two next Figures to the right-hand of that Fi- 
gure in the Multiplicand which you then begin with. 


Example. 


ler it be required to Multiph 3.141592 with 52,7438 and 
let there be only four places of Decamal Parts retained in the | 

If rhe propoſed Numbers were to be Multiplied at large, 

they mult ſtand in a direct order as uſuaal. 15 5 


64 


4 
4 eee 55 


Aritimetick. | Part 1 


Thus 3 3.141% And would produce Ten places 


B 7438 of Parts, as in the laſt Example. 


But being tis required t to have only four places of thoſe parts 
in the Product; le: them down as above TE and — will 


ſtand 
25141392 
Thus $347,25 


1570795 
N 


The 1 50 of this Contraction is very obvious from the 
whole Operation wrought atdarge. | 
Thus 3,1415902 | 

22433 

2501325 361 in the Square #0 the right hand. are wholly 

omitted in the former Contraction ; And 


. that 85 laſt ſingle Product here, # the foſt 


94124776 
125666368 
219910144 
62831084 


The Muliplicand had as before. 
The Multiplier in a reverle order. 


The Product with 3, regard bad to 5 times 2. 
The Product with 2, increaſed with 9X2. 
Product with 7, iacreaſed with 5 X7 ＋ N. 
Product with 4, increal od with 1 * X4. 
Product with 3, increaſed with 4&3. 5 
Product with 8, increatec with 4x8 1x8. 


The true Product as was required. 


Suppule 3 it were required to Mrutip! ly 2 57.556 with 75,6 
and to have only the entire Product of Integers. 


19882 


| The chiefeſt care ad 4i8culty that attends theſe Contra tions, 
is the true ſetting down of the Units place in tas Mutig ier un- 


derneath the proper Figure of the e according f. to the 
| deſign d Product, | 


e very Rain. : 


From hence it's evident that all the Figures 


tiere ; conſequently the Re iſen of placing 
the Muttip! ier in 4 reverſe or der, muſt needs 


a 1 


F 257,335 
The ſame at large. 4 T 2 
20053848 
10513424 
15440135 
180140902 


19582 58888 


wih a « _— 9 


—_ 


rr 
ill 


KB 
* 


the 


ne, 


UN. 


rhe 


ik, 


Chap. 5 Of Decimal Froctions, , 


i In Example 1. It was required to have four places of 
8 Parts in the Product; therefore the T its place of the 
Multiplier was fer under the fourth pla e of . Decimals i in the 
Mult:vlicand: And in Example 2, becrule it was requir c to have 
an entire Product of Integer; only; ; therefore the Units place of 
the Muitipizer was (et under the Cnzts place of the Multiplicand. 
This, I ſay, being once rightly aageritogd, will render the 
Mc bod eaſie in Practice. . 


Seft. 4- Diviſion of Decimals. 


Diviſion on is accounted the molt difcul! part of Decimal Ariths 


| metich ; In order therefore to make it plain and eaſie, i will be 
convenient to reſume what bas been (aid in P ave 2.5 | 


C TheQ otient Figure s always of ile [ame Fake or De- 


6 Viz. 5 wich that Figure of the Dividend, . which ns h 


Units place of its Prodact Jands. > 


* for Inſtance, Let 294 be Divided by 4- 


This is not 7 but 70, becauſe the Units 
5 of 4x7 ſands under rhe Texs place . 
of the Divide nl. 
"Ta (3 But thi iS 18 Wy 3. 

SO 


0 294 ( 7 


Remains ( 2). Ska 732 ; is the Voten. 


| Now if to the Remainder 2 there be el 4 0 thus: 
20 and then Divided on, it mutt needs totlow thar the Units 
piace of the Product ariſing from the Oivir into the Quotient, 


| will tand under the Annex ed Cypher ; Conſequently the. {Quotient 8 5 


Fioure will be of the fame val e or derce with te plac IC 


that Cypher: But that's rhe next below the Unzts place, Lhe re- 


fore the Quotient Figure is of the next degree or place below 
1 Thar 85 in the tirit ow of Decimal Parts. 


| Thus 4) 2 2,0 (3 
So that 4). 294.0 (73,3 the true Nut ient required. 


This being well underſtood ; Diviſion of N may ( in 
all the various caſes) be eaſily per form'd. Ho» ever, that it 
may be render d plain and eaſe, even to the meaneſt capaty 
A nad. ; Let en be ag: "4 delin d, as in Pge 21. 15 

Viz 


! IO "Aritemetick. — Part l. 


Vie. 7 that Num er which iNivides another be Mulriplied 
with the Number which 1s produced, their Product will be the 
Number Divided. . 
I This Definition alone (if compar'd with the Rule, Pa. 61) EE 
will afford a Genera] Rule for ee the true Yalue of the I 
Luotient Figure in Diviſion of Decimals. 


Ib be pl or aces of Decimal Parts in + Diviſor and Quo- 
Ks le. tient, being counted together, muſt always be equal in Num- 

ber with thoſe in the Dividend. And Om this General 
Rule ar:/eth four Cafes. 


Cal 1. Wher che places of Parts in the Dielfs and Dovidend 
= are equal, the Quotient will de whove Ne, 


A. in theſe Examples. 


8,45) 295,75 (3 5 20575) 4368 66 
MW ù "296 
42 25 „ „„ 468 5 
| 35: „ ot ty] 555 
700 5 „„ 


Cake 2 When the Ga of parts in the 8 exceed 


thole in the Diviſor ; cut off the Exceſs for Decima! Parts in the 
| Quotient. As in theſe Rn 


2433) 780,516 32,1 12 | 436) 34246, 256 (73,546 | 
TE, oe Ce : 2 
55 : ns —_ 
E 3438 
5 2: Coon 
242 hy 33 Hs FT | 
„„ 1744 
— 8 600 | | 3733 28616 
„ e 5 NE. nc 2616 
5 7. 


Caſe 3. When there are not ſo many places of parts in the 

Dividend as are in the Diviſor ; Annex Cyphers to the Dividend 

to make them equal. Then * the Wurient 8 1555 Nun 
bers, asin c. 1. | 


E xamplet 


8 


the 
dend 


Num 


THE 
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N Examples. | : 
Let whe required to Divide 192,1 by 7 584, And 441 by,” oy 
7,684) 192,100 (25 | 7875) 441.0000 (560 | 
33 ĩ > 35 
33 420 „ 
Lb 1 
(o) e 


Caſe 4. If after Diviſion is s finiſhed, there are nor 10 many F- 
pures in the Quotient, as there ought to be places of paris by the 


. General Rule; - ſupply their detect by porting n 0 it. 


Examp " 


fa] ic Is required ro Divide 7. 23406 by 957. 
957) 7. 25406, ( 078 the r true Tut ient required 


6 699 
1560 Again 59 10007475 (oz 
8 3 
5 708 5 
3 e 172 
( 325% 


Note, When Decimal Numbers 2 are to be Divided by ro. 100: 


loco. Ioooo Se. Thar is, when the Diviſor is an Unit with 
| C;pvers 3 Diviſion is perfurmed by Removing or placing the ſe= _ 
| parating point in the Dividend, ſo many places towards * ER 
| band, as there are e Cyphers | in the Diviſor. 1 


Examples. 


10) 5784 ( 5754 100) 5784 ( 5784 
1000) 5784 (5,784 coco) 578.4 (05784 
Note. Theſe Operations are the direct converſe to thoſe in Page 62 


1 preſume i it needleſs ro give more Examples at large, only | 


inſert a few Dividends, and Diviſors, with their Lot ients; "RE 


wherein are contained all the varieties chat c can bappes | in Divi: 5 
a of ns ä 


574 493266 (859 5 5.04) 49, 9.3066 (3.99 5 

574) 493,066 („85 9 5.74) 493066, 0 (89 
554) 49,3066 („0859 0504) 495,660 (8590 
374) 493,66 (359. 3074) 2 0505 $59 


K 2 | There 


68 — Irithmetich. oc NT 


There is allo a (nents way of comeacting Diviſion ; 
Like unto that of Multiplication, Page 64, by which much La. 


bour may be ſave , Eipectally wh the Divifor hath many 


places of Decimal Parts in n: Au is thus performed. 

Having determined how many laces of whole Numbers there 
will be in the Duorrest . if 2: „. walz orf none, of what value 
Or place the fir t Figure in the O Viotieut will be: : Then omit, 
or prick off one Figure of the Dito ar each Operation; vit. 


ſor every Figure you place in the Quotient. prick off one in the 


Diviſor; having 2 due regard to rhe increale which wou d arile 
| from ie Figure 10 omitted. 


| | Example. e. 


"La ir be required to Divide 702 3 by 79863. 


Tbe Work contracted. | x The lame at large. 15 
75803 70.2300 0 7038 3 5 79863) 70,2300 (B,7938 
ES eb... 8 . | 82 8904 | 

63396 5 )J) 
„ e 15M 
m— 4 -- 7 7491490 
7187 1 . NEL | 
7 60 „ Tis 1 
„„ © ny 1 a 


Th: Work PIP We Z of ame is deine (if — 


| with tie {;me ar large) that its neculeſs to $08 any tarther 
= Explanation of it · 


ell. 5 To ee Unlgar Sranions into ect nals and 
= rae ee | | 


Any ug Zar | Fraftion being given it may be Reduced, or rather 


4 Chaa 2ed __ Decimal Parts equivalent to it. Thus, 


Annex Cyphers to the Numerator, and then Divide i 


Rule by the Denominator, the Quotient will be the Decimal 


Farrs equivalent 70 the given Fraction ; or at leaſt fo near 
Li a — be Fg . to appreach, 


5 Hain 


—1 


Chap 5. Gf Decimal Fractions. 69 
9 Example. 


Tis required to C hange Or Reduce 5 into Decim ali. | 
4) 3,00 6 75 The Decim. 21 Parts requiced. 
hat is, rij. 
Again 1255 Thus 2) 1,0 (5 And 4 25 4) 1,00 (23 
Suppole it wer? required to Change into Decima!s. | 
7) 4,0000900009 55714285714 Sc. 
VNMN.te, 0 gen the laſt Figure of the Diviſor (That is, the Des 
ninater of the propoſed Fraction) happens ro be one of theſe 
Figues ; viz. 1. 3 +» 7 or 9 (as id the lait Example) then 
the Decimal Parts can never be preciſely equal to the given 
Faction; yet by continuing the Diviſion n. you may bring 
th-m co be v very near the truth. As in this Example; —— 
it required to Change ++ into Decimal Parts. | 


13) 1 c (979923 07692 507 er. ad infinitum. 


0 


es 


58 b EY 3 . Thar is ©; 27692 3076h2 307=;% fare 


154 from hence it may be ſurther ob- 
„ ſerved ; Thar in theſe impertect Quo- 
en >; tients, the Figures do return again and 
5 circulate in the lame order as befure : 
4 As you may eaſſiy perceive they begin 
40 do do in the ſeventh place of och thele 
39 lat 1 i 
10 


See. : As at firſt. 


"Thele being Saen it will be caſte to find che Decimal: 5 
: Parts equivalent to any known Fart, or Parts of Coin, Meights, 
ted M-1/ures, or Time, &c. If you firit Reduce the g iven Parts of 
ner Coin, EC intoa Vu gar Fraction. whole Den:minater is the Number | 
L of rhote known Parts contained in the Integer, and the given 
Pa ts ics Numerator. | | 


| Examples i in Cain, Se. 


* 


ther og; . it be required to 850 the Decimals of 16 5. 6d. 
5 Firſt 16 . g of one Pound, and 6 d. of 1. : 
le it - war 5 T Then 40) 33,000 (525 the Decimal Parts | 
mal Required : Thar is, ,8$25=16s. 6 d. 


near Again, Suppoſe it were nite to find the Decimals equal 
WIG 134 4 & 


pple, = 5 5 Here 


06 Sntrretichk  - Ian 


Here 3 J. is 3 jntegers and 135. 2 of 1 J. and 4 4=, 2. 


Bur 32 +,4.=34% Then 240) 160,000 (666666, Or. 


Hence 31. 1335. 443 666666 Ce. As was Required. 
2. What are the Decimals equal to 74 Inches, one Foot be. 

„„ —· „ e Teo en 
Firſt, 7 Incnes are . of 1 Foot, and 4 of 1 Inch are .. 
Bur ,5+,3=33. Then 48) 31,000 (,64583 &c.—=7 4 Inches, 
3. Let it be Required to Change $3. 19 Pwe. 8 Grains into 
Decimals ; one Jþ. Troy being the Integer. 
Theſe being Reduced into their Leaſt Terms, and Added to. 
" gerber will become 54== i ⅛ð x 5; 
Then 5760) 4304, 000 (,74722. &c. The Decimals Required. 
And thus may any prop ed Parts of Coin, Meigbes, Mea- 
| fares, &c. be Reduced or Changed into Decimal Parts; which 
perhaps may at firſt ſeem ſomeu hat tedious in Practice, but be. 
ing a little acquainted with them it will be found very eaſie; 
and the Tngenious Practitioner will (with a little Conſideration) 
ſoon find how. to Reduce them almolt mentally ; cr with the 
help of a very few Figures; wi cut the ute of ſuch large Ta 


les as are uſually interred in Bouks of Decimal Ar ithmertich, or 


: at moſt they may be contra-te1 into ſuch as thele following; 


very uſeful. | 


which if duly applied to thole Tables in Chap. 3. will be found 


oY Decimal Tables. „5 


| I Engliſh Coin. Averdupoiſe Igel. 
5 | % Tg I es ON £ 05625 l Oun ce 


44 ©£0416667=1 l. | — I , 0390625 1 Drachm : : 
0,00104167=1 Farthing | | 1,Jb. Leing the Intezer = 
I, J. being the Integer | TC 


0 tight :: Averdupoiſe Great Meigbt. | 
0 0,05 ov, =1 Pwt. -. | i | G,25 1 0 6: 220 Co 8 


| 0,00203333=1 Gram | | o,co892855=1 th. _ 
I, 5. being the Integer | | 0,00055803=1 Ounce _ 
Es 5 | | 1,C- being the Intever | 


| : Apothecaries VWeights- i Tame. -- 
1, 125. . I Drachm I 0,04166667=1 Hour 


J, 4166667 ? | | 0,00069444=1 Minute 
|} 9,90208333=1 Grain | | o,0c001157=1 Second 


1 made the Integer 5 


, F. being the Iategerꝰ 


. | 1, Day or 24 Hours being | 


— — - 


5 - The Uſe of theſe Tables will be evident by the following. 
; JJ... 


1221 


+, „ 


ple, 


Chap. 5 Of Decimal Fractions, Z 


Example. | = 
15 it be Required to find the Decimal Fats equivalent ro : 


8 175. 94. 2 Farthings. 
T Firſt, 0,05=1 5. Therefore 17 12 85. SN» 
And cd 166=1 d Therefore ,004166X9= „„ 


Alſo 2) 2004166 (=,002083=3d. 


| Conſequently their Sum, viz. 0,889577=175.9id. 
Now to find the Value of Decimals, in known Parts of Coin, 


| or Weights; Sc. is only the Converle of the former Work. 
And is thus performed. 


Multiply the given Decimals with the Deacminamr of the | 


vulgar Fraction Required : That u, Multip'y the Decimals with 
: ſachs Number of Units as are contained 5 in the next Lower Deno= 
mination of that Kind or Species which your Decimal * of: And : 

; the Product will be the Number Required, | | | . 


EE 5 
I. | What is the Value of o \$25 Gecimals of 1 | Prin Sterling: 


© Thar is. how many Shillings Pence, & . 2,825. Firlt, the next | 
lower Denomi nat ion is 20, becaule 20 5. make one Pound. 


Therefore © $25 


Shilling 16,5% "And Parts of 1 1 Shilling. £ 
+ BY | 
Pence "6,0c0 ” 1 682522164 ue 


f * what are the known Parts of Elio Coin ues - e 
. 25566666 Decimals. | e 


: Here the 3 Integers are 3 rand. Then 666666 


— 20 
Siu: 73 3333320 
| | | DE 22 | 
Anſwer 3,665666= m 135 44, Y — 666040 > 
| 33332 | 
Pence 399584 
" Whar i is the 2 of 0,74722 Parts of 1 fb, Troy- 
Firt, 7422 Ihen, 666 „%% Again, 33280 
*** EV 24 
1 I 49444 | Pots. 19.3328 oo» FS 
„„ 3 
3, 8.96864 Dy Hh: Ge. 7725 
Thele Collected are > 8. very near. 


And 


. 2 % 2 2 — 
9 4 * — —— _ * »—— 


72. —————"Arithmetick. Part I. 


Itake the Excellency, and indeed the chiet uſe of Decimal 
Fract ions to conſiſt more in Geometricul Computations, than in the 
Common or Practical Parts of Arithmeticl (as will ap pe ar fur. | 
ther on) alt12uth even in thoſe they are very uſeful upon teveral 
ities, &c. (But of that more in its proper Place.) I ſha!l there- 
fore conclude this Chapter with a Remark or t upon the 
 Multiplied with a Fraction either Vulzar or Decimal, the Product 
S n Fraction is leis than an Unit ur 1. 
rator; {6 will the given Number be to the Product. 
Fraction, whoſe Numerator is a Unit. Divide that Number by 


the Denominator of the Fraction, and the Quotient will be the 
Product Required, Thus 12X+=3- And 12 =4=3: Again, 


FE action, the Quoc ient will be greater than the Dividend ; by ſuch 
. a Proportion as as Unity is greater thin the Dzviding Fraction, 


of thele will ve belt underitood alter the next Chapter. 


of Continued P2opoztions, and = to | Change 07 Van 


5 thoſe Numbers are — to bei in drithmetical Pp 


— — 4 


And thus any Na Number of Decimalt may be turn'd 


or changed into the known Parts of what they Repreſent. 


viz. Wkether they be Parts of Coins 11 tights, Meaſures, or 


Time, &c. 


I have omitted tie more Examples of this kind, becauſe 


Accounts; e pecially in the Computations of Intereſt and Anni 


Nature and Properties of Fractions in General. 7 
If any given Number (whether it be Mole or "ils 4) be 
will be leſs than the Multi plicand, in ſuch a eee as the 


Thats, as the Denominator of the Fraction 7s to its Nume 


Therefore, whenever any Number 1s to be Multiplied with a 


12X5=65. And 12 f 28. Ce. 
From hence it follows, that if any Number be Divided by a 


Thus 12 =4=48, viz. 4: 1.7: 2 12: 48. Sc. But the truth 


＋ — 1 


CHAP. vl. 


the Order of Things. 


Sed. 1. Concerning ie Progr on, alan „ 
e A * Continued. 


* 7 H E N any Rank or 15 of Numbers do 4 UNS 
decreaſe by an Equal Interval or Common Difference; 


As 


Chap. 6. Of Pꝛopoꝛtiop, g. 73 


1d ONE = | — 
= + „ 19 Se. 7 4 Here the Interval or 
or V Common Difference is 1. 
0 „ $. 10:12 = Sc. ö Here the Common 
ae LI. 3.5. 7. 9-11.13 Se Difference is 2. 
And lo of any other Svies, whole Common N is - 
he ES: 4 — 1 Sc. : ES 5 . | | 
4 = jy 1. | 
Na Ik any three Numbers be in 4richmerical Rewe ion; 'the um 


re- of the rwo Extreams (vez. the Firſt and Latt 9 will be equal to 
he te Double of the Mean or middle on my 


33 eee 6 3 Or 3 Or 3 75 1 

be 2 ＋6— pede or ee, And A. Oe. 

t Lemma 2. 

the WW if any four Numbers are in Arithmetick Progre . the Sum of 
dhe two Extreams will be equal to the — of” oy oY Means. 

nee As in theſe. 2 4. 6 8. Or 3 on | 

1 iy 2+8=4-+6. And 3+12 2 Oe. + 

1 . . Corollary "HE . 

the e theſe two Lemma's 2t 5 eaſje to conceive ; that 7 never fo 

ain, many Numbers be in Arithmetick Progreſſion, the Sum of the 


ro Extreams will be equal to the Sum of any two Means, tae 
y a Wy arc equally — from the Extreams. 
uch As in theſe, 2 4. 6 8 10 12 1 . 16. 
Then 2+16= eee 3 Can 

uk Or if the Nw of Terms be odd as theſe, 
| <6»; a 2 1416 8 Sc. 

Then 2-418= =4 4165+ q4=3TF12= lee. 

Lemma 3+ GE 

Fas Series of Numbers in Arithmetick Progreſſion is Corn po- 5 
ſed of the Interval or Common Difference, to otten n repeated a as 
there-are Terms in the Progreſſ 1M —_ the firſt. 


As in theſe; . 3. 3. , 9. 11. 1. 1. 17. S ͤö | 
1 55 Os Interoal or wn Doe _ two. it will 
be 1 zg. 3K ꝛ=zj. J. 7. 9-F2=11. 7 
a g. 13-F2=15. . = 
| Corollary 2 4 


He it's evident, that the Difference betwi xt 1 e to Ex-- | 
treams (vix. I and 17) s compoſed of the common Ditterence, 
Muttiphed iu the Number of all the Terms: ae rhe 
fiſt. | | | 
As in che aforelaid Progeſſn, 15 3: £9 9. il, 1 3. 15. 17+ 


Theorem 2. 


"GE —Arnhmerick.” Gi "Part l 


2 


1 


The Number of Terms without the 21 s 8 
| The Common Difference is bee 


The Difference berwixt the two Extreams 16 


| Propojui ion 1. 
In any Series of Numbers in Arithmetick Progreſſion, the two 


Extreams, and the Number of Terms being given; thence to find 
_ the Sum of all the Series. 


Multiply he Sum of the two Extreams into tle 
Number of all the Terms; and Divide the Produ8 b 


Theorem \ 2. The Yuotient will be the Sun 4 all that Scries 


| Fer Corol. 1. | 
Example 1. | 15 
"Tis Required to find the Number of all the Stroaks 2 Cloc 


lrikes in one whole Revolution of the Index, viz. Wn Twelve 
Hours. 


Here i+12=13 the Sum of the two Extre ni. 
| And . 12 the Numoer of all the Terms. 

13 8 „ 
Then 2) 155 678. The Number of Stroaks Require 


| Example ; 
Suppoſe o one Hundred Eges were placed in a Rigtt Line a Yu 


diſta nt from one another; and the firſt F gg were 2 Yard from 
a basket; whether may 2 Man gather up thoſe 100 Eggs 


tingly one after another, (till returning with every Egg to the 


Basket and put it in, before another Man can Run tour Miles 
| Thar is, which will Run the greater Number of Yards. 


In this Queſlion 200-+2=2c2 Is the Sum of the two Ex. 
| | and” e Is the Numb. of all the Terms, 


The Number of 
| Then 2). 20200 (rorco Zurds he runs that 
( rakes up the Fggs. 


; W Y ards The Yards be runs that takes up 
But 19100—7049=3<5 ehe Ezgs more than ihe other. 


55 Prepoſition —. 
Ia any Series of Numbers in Av ithmetich Progreſſc on, the two 
Extreams and Number of Terms being given; thence ro find the 


Common Difference of all the Terms in that Series. 


The Difference bet wi xt the two Extreams, being 
Do by the Number of Terms leſs an Unit o, 
+ The 2 will be the Common Difference i 
he der! Fes, Per Carol. 2 2, Exam: 


Chap, hd wy of Proportion ” = 7. 


121 


— — —28 — 


. e 5 Example 1. . 5 
: "One had Twelve Children that differed alike in all their 
| Ages; the Youngeſt was Nine Years Old, the Eldeſt was 


Thirty Lix and a half, w bat was the Difference of their Ages, 
is and the Age of each. | 


nd Here 36,5—9==27 55 The Difference of the two Extreams. 

| And 12—1=11. The Number of Terms leſs an Unit. 

the Then 11) 27,5 (2,5. The Common Difference Required, 
1 er 9 ＋2,5 11,5 The Age of the Youngelt but one. 
ien And :1,5-F2,5==14 The Age of the — but vgs. An 
pb lo on : for the relt. Per Corol. 2. 


ock | | RR | Example 2 3. | | . 
we A bebt is to os Diſcharged at Eleven ſeveral ande to be 
made in Arithmetich Progreſſion. The firſt Payment to be Twelve 
Pounds Ten Sbillings, an Tz laſt ro be Sixty Three Pounds. 8 3 

| the whole Debt, and what muſt each Payment be. | 5 
Per Theorem 1. Find the whole Debt thus. 

| 125 +63=75,3 The Sum of the Extreams. 

Oy The N of Terms, | 


red, N 
5 "TDN 
| ns 
(ard — 
Tom 2) $3045 453234130. ” The whole L Debe. 
1 "Then Per Theorem 2, Find the Common Difference of each po 


Payment. 1 

Thus 63—12,3=50,3 The Difference of the Extreams, 
E xtr And 11—I=1o The Number of Terms lefs 1. 
3 Then 10) 50,5 ( 3 14. The TR Difference. 


Ailes, 


Gage * 4. . | 
ha Conſequently I . 129. 12 « The Second Payment; : 
4 905, . 8 „ 8 
* And * . . . 3 12 The Third Payweo?, Se. 

1 : 15 Example 3. 


wo A Man is to Travel from Lande to n certain Place i in \ Ten 7 
d the Days, and to go bur Two Miles the firſt Day, encreaſing every | 
_ Days Journey by an * Exceſs; ſo that the laſt Days Jour- 
being I ney may be Twenty Nine Miles: what will each Days Journey 
nit of e how many "Miles i is the Place he goes to, diftanc trom | 
wce of uy (Yoon: 


77 "I e "Part 1 


Firſt 70 The 1 Difference - of the Extreams: 
Anil 109—1=9 The Number of Terms leis 1. 
Then 9) 27 (3. The Common Difference. 
Conſequently 2+3=5. The Second Days Journey. 


And 5 -+3=$. The Third Pays Journey. Oc. 


Again: 29+ 2=31 The dum of the Extreams. 
10 Tie N umber of Terms, 
2) 310 (155 TheD tome Required. 


There; are Eighteen In, more relating to Queſtions in 


Ge Arithmetick Progreſſion ; bur becauſe they would Require a great 


many Words to thew the Reaſon of them: therefore reſer 


1 8 the Reader to the Second Parr. vis. That of Agebra, w one be 
may find their e . $ 


CEE 2. - Concerning Gromettical p. 20vo ation continued; 
| ſometimes called Geometri cal Prog reſſion. 


When; a Rank, or Series of Nader; does either hole by « one 


5 ee Multiplicator or Decreaſe by one Common Diviſor; 
RR: thole Numbers are {aid to be 1 in Geometrical Pr roportion continued. 


: x54; Þ: 16. 32 "Ae. here 2 2 is the common Multiplier. 


ae. 8 16 EE 4 Kc. here 2 is the common Diviſor. 0 
18 54 . 162 . &c. here 3 is the common Multiplier, 


orden 7 34 + 18. 6. : . bere 3 is the common Diviſor. 


8 Note, the common Nie (or Bivie) i Is called the Ratio; 


And it fhervs the H:bitude or Relation the Numbers have 10 one 
another, viz. whether they are Double, Triple, Quadruple 
Kc. Which Euclid thus.defines. 


Ratio (or Rate) j the mutual habitade or reſpet * two Magni 
8 (conſequentiyj two Numbers) of the fame hand each to other, 


accor dins zo Quantity. Eu. 5. Def. 3. 


Proportion + (rather Proportionality) IS a Similirude of Rai 


"Ip Def. 4. 


So that as cannot be leſs then theae Terms to FEES 2 pro. 


ortionality or Similitude of Ratio's 3 and if but three Terms, 
the ſecond mult ſupply il 15 place of uo. As in theſe 2 . 4. 8, 
Tears, 2:4 14 - (of 2 Sec Pars.) 


Here 4 the Middle * ſupplies the place of two Terms, 


: co wit, of. the lecond 2nd third; 8 _— the lame Reaſon, 


 likenel 


Fawr 


in 
eat 
>fer 


he 


equal to the Square of a 8 Nen; 


SC” 


Ghap: 6. "Of Proportion, Tc. | 7 77 | 


lers or Proportion to 4. As 4 doth to 2. Viz. As 2: is to 


2084: Tos. 
Lemma 1. 


nr ive N ETD are proportional. the Ne or Pr oduft of 


the two Extreams; viz. of the firit and lalt Terins will be equal | 


to the Square of - —_ or Middle Term. 4 20 Euclid .) 
As in theſe 2 4:3. Here$ K 2 =16 the Product of 


the Extreams. 


And 4X4=16 the Square of the Mean. E. 170 $x2=jx * 


Corol. "= 
ä it fol 1 thax if the product of any two Nils be 


thote three Numbers will 
be in Proporticn. Eve e 


Lemma 2. 


If four e are proportional; the Produt of the two 


Extreams, will de equal t o the Product of the two n. 
(15 Euclid 7.) „ : 6 


As in theſe, 1 2 4 8: . 1 16 = 
_ 8 * 22. ee 16 X 23 * 4. 


cool. > 


Fun Jen it . that if the Product of any t two 8 
he equal to the Product of any other two Numbers, ye four Num- 
bers are Proportional. 

Aid from theſe two 1 it wit be eaſe to conce ive, thar 
if never {0 many Numbers are in continued Proportion; the 
P:odricZ of the two Extreams, will be cqual to the Product of any 

rio Means, that are Py diſtamt from the Extreams. 


As in theſe 25453. 16 32 64 &c 
ee ee =16 X 8. Kc. Anti the Nu unber of 
Terms be odd. „ 1 
As in theſe 12 4 8 16 1 FRY : 128 Kc. 


Then 128 * 2284 N 4232 8=16 X 16. 


| Note, The Charafter made ſc of to Ws ni centinued Propertionals 
lo 


"5 
* 


5 8 But Th + 1 128 3 per Leue 3. 


5 "I = Arithmetick. : Part 


1 every Series of == (viz. of continued Proportionals) wir Num. 


ler which is compared to another, 1s calted the Antecedent of 


the Ratio; and that Number to which | it is compared, is called its 


Conſe quent. 


As in theſe, 2: 4 : «4-3 8. Here 2 is the Antecedent, and 
4 is the Cafes; and 4 the middle term is an Antecedent to 
8 its Conſequent : * hence it follows, that in every Series of = 
41] rhe Middle Terms berween the firlt and laſt are both Antect. 
gents and Conſequents, | 


As 11 theie, 2.4 ** 16 32 * Kc. Here 4 8. 


16. 32 are both Conſe quent and 3 | 
CCC. 16: a2 ci: 64 &e. 


So Pls all the Terms except the - are Antecedents- And 


1 al the Terms except che firtt are Conſequents: 


Lemma : 3. 


Wi never ſo many Numbers are Preparer, ic will he: hi 
any one of the Antecedents is to its Cenſequent: So will the Sum 


ok all the Antecedents be; To the Sum of all the | Canſequents 
e | | 


Thar is, in the foregoing Series. 


Toes 4: 2 24448+16+32 : 1+5+16-b32-+64. 


| r rs evident, hat . the Sum of al 


we Conſequents, is double to 2-+4+3+16+32 the Sum of 
all the "Antccedents ; As 4 Is to 2, according to the Ratio. and 


ould have been Triple, or Quadruple, &c. bad the * bern 


3 Or 4 &c. 


Note, In every Series of = the Ratio is found by Ping any 


of the Conſequent: by irs os. | 


As in thele 2: 6: 6: EF: PE 1 4 : 163 


Here + 6 (3 the Ratio. Or 6) 18 (3 Kc. 


From the ſecond and third Lemma's may be raiſed rwo Gem 
12} Theorems or Rules, for finding the Sum of any Series in 15 


without a continued Addition of all the Terms. 


Let the Serzes 2. 4 3 16 72 "00" . 128 be girea 


to find its _ 


Suppoſe = the Sum of all the Tire: 
Then will aA 23=:he Sum of all the Antecedents, 
And FO Sum of all the Conſequents. 


= 4 = 12 em = Lenma Ze g 


Gap. Of Proportion, Ke. TS 
| 8 u-. — 


12—4 


Theorem. ; 2 — In words at length chan; 


g From the Troduct of the ſecond and. Laſt 

| Terms, Sulſtract the Square of the firſt Term; 

| Tlcorem 1. Qthat Remainder being Divided by the feemnd 
inn leſs the . will give the Sum of all the : 

Serzes. | 


05 if the firit Term the commen Ratio, and the alt Term be 8 


only Wwe „ 
1 1 NMI tiply ihe laf Tm into the Ratio, and 
c. Vom their Troduct Subſtraft the foſt Term 3 


| Theorem 2. & Divide that Remainder by the Ratio leſs Uni- 
e 90 ts and it will give the _ of all the | 

8 4 Por R N11. As above. | | 

4, | cen aeg e vz · the latt Divided dby 2 1 


Sm © , - To Rs 

ents, | e Then x 2 — Theor em * | | 

1 $ * Let 3 6 . 162. 486. be hs given 1 
--. Here 2 15 che firit Term, 3 3 is the Rario, and 485 the haſt Term. 

2 85 a85x3=1458. And 1453—2=1456. 
. 3 Then! 3—:=2) 1456 (523 the Sum required. 

en "That is 723 =2$6+18+54+162+436. 
3 In er of theſe Thecrems it is required ro have rhe laſt Term m 
any known (the which in a Long Series of = will be very tedious 


= ta come at by a Continued Mz ip/ication, Ge. It will therefore 

62, be convenient to thew how to obtain eicher the laſt Term or any 

5 other Term, whole Re? is aligned ; without producing all che 

DE» Terms | 

Kr ln order to \ that, it 0 be nereſſ⸗ \ry to prem: TA the Coe: | 
P rence or Similitude that is betwixt Numbers in Aritomerical Pro- 
greſſ on and thole in Geometrical Propertion.. 

It to any Series of Numbers in — when the Ert Tom is "nor 
an Unit or 1, there be Aigned a Serzes of Numbers ia Ari. 

| metich, Progreſſicn, beginning with an Unit or 1, and whoſz 
Common Difference is IS 1. Calied Indices or Expenents. | 


oY: 3+ 4: „ 7 © Indices. 
_ Than, 5 „„ 3257 123 Oe. 7 


ven 


begin wih a Cypker. 


80 N "Arichmetick. Part | 


— 


Then will the Addition or Sulſtration af any two of thoſe 


Indices (or Numbers in Arithmetick, Progreſſion directly Corre. 
ſpond with the Product or Duorient of their A Terms i in 
5 the Series of =. | 


That i is, 5 As 3+4=7. 


80 806128 the Seventh Term i in > 


60F4= 10. - 
Again, Let Rd The Tenth Term in = | 
cn $277 1 J As 1 I * 


1 if the Series why = * with an Unit, che Indice mult 


SE oa» & 8. Gr. 
en theſe {| 1 21 4 8 16. oy ö 


Now by the help of theſe Indices, and a few of the erst Terms 


= Wh any Series of = Ir is plain that any Term whole Place or 
Diſt ance from the firit Term is Atiigned, may be 3 ob 
7 * without Pony! the Whole Series. 


e I. 


A Man d a Horke, and was to give 4 Farthing 15 the 
firſt Nail, two for the ſecond, four for the third. c. In = be 
Number of Nails was to be 7 in every Shooe, viz. 28 Nails in 


1 all. r malt he have paid for tlie Harte, 
ra. LE . + Indices. 


; > . 2. Farthings i In = 


32521024 


Does? e a eee. 


1024*K 10242104857 6 


| 4+3 0 = 
. Agin 1996138. Lat Cees ri 217723 5 


Which is here to be accounted the 23 and laſt Term. Becauſe 


| = the firſt Term in the Keriet is I. Which doth neither Ne 


nor Divide. 
Now this am being the Number of Fart; ings to be 


: paid for the lat Nail, by it the common Ratio which | is 2, and 
the firſt Term which is 1, may. be found. the Sum of all the 


Serie es. Per . > 


Eo Cone en IN 4 


LA CO 


Or 


b 


Kc 
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134217728 
2 


268435456 From this Troduct i 1 "A 


Viz. 2638435456—1=68435455- Then 2—1=1 the ese - 


Conſequently 268435455 is the Sum of all the Series or Price 


of the Horſe in Farthings ; which being brought into Pounds, 


&c. ( See 2 46 ) will be . 5 * 2 3 1 
Example | 5 


A cunning Servant agreed with a \ Maſter ( anskil] A in Nam: 
bers) to ſerve him Eleven Years without any other Reward for 
his Service but the Produce of a Meat Corn for the firſt Year; 
And that Product to be Sow'd the Second Lear; and ſo on from 
Year to Year until the end of the Time. Allowing the En- 
creaſe to be but in a Ten-fold Proportion. N 


Lis . to find the Sum of the whole 8 


age ” 6-4-6 5 | 5 - Indices or Tears. 


a 1000. 10000 . 100000 ; IR. Corns | in 2 


Then 755 412 


o_ eee be 6th Year ende. 


And $6 BH. I. 


L000000X [9000U==10 ©0000000000. TheEleventhor . 


laſt Years Produce. 


hben, (either by Theorem 1 1 or 3 the 3 of all * tabs . . 
| will be, 111111111110 Corrs. Now it may be Compured 


from Page 31 and 34, that 7630 Wheat Corns round and dry 


our of the middle of the Ear, will fill a Statute Pint. If ſo; 


Then 7680) 11111111110 (14467 592 Pins, but 64 Piats 
are contained in 2 Buſhel. | 


Therefore 64) 14467 592 ( 226056 2 4 Baer. Soppole ic to 10 


be {old for 3 Shillings the Buſhel; 


| Then 4 e . 


3 


Sbillings 787683 33008“. 85. 474. A very. good 


Recompence for Eleven Years Service. 


There are ſeveral pretty Queſtions Reſolved by Numbers in 
Arithmetical Progreſſiom; And by thoſe in = which the ingenious | 
Learner will eaſily perceive hereafter ; viz. When e come to 
whe Solurion of Rueſtions, relating to Intereft and Arnuits's, &C. 


© © 1 5 There 


3 = 
There is alſo a Third Kind of Proportzon, called Muſical; 
which being bur of little or no common uſe, I ſhall therefore 


coeen the firſt and Second hach to the Difference between the WW t 
e Third and Fü 5 : | 


This being a Thing not Treated of in any common Books of 
 Avithmetich (that I have had tbe opportunity of peruſing) made 
me think it would be acceptable to the young Learner ro know 
bow oft its poflible to Varie or Change the Order or Poſ.tzon of 


au Propoſed Number of Things. - | 


things expoſed to be Varied. _ 


Unity or 1. And laſt Term the Number of Things propoſed to be 
| * ied, viz. INZX3X4X5X6X7 Se. As will appear trom what 


admit of a double Poſiczon, as to order of Place; And no —__—_ 


arithmetick Part l 


** 


by, OY” Mig 


give but a ſhort account of it. | 7 - 1 
' Muſical Proportion or Habitude is, when of Three Numbers the 


- firſt bath the ſame Proportion to the Third; As the Difference 


between the Firſt and Second hath to the Difference between 


the Second and Third. 


As in theſe. 6.8. 12. viz. 6: 12 :: $—6: 12—3 EW 
If there are Four Numbers in Muſical Proportion, the Firſt will 
bave the ſame Proportion to the Fourth; As the Difference be. 


A in he 8 14+ „ 
Here 8 : 84 :: 14-$=6 :; 84—21=5z. 
et $7 $4 2-6 2 0h 85 


— "Ph Method of finding our Numbers in Muſical Proportion is 1 
| beſt expretted by Letteis; as ſhall be ſhewed in the Algevraick 


Sect. 3. How to Change or Uariz the Order WW 
EE Ou 8 


» 
e 8 PI —_— —— 


As how many ſeveral Changes may be Rung upon any Pro- 
E. Number of Bells; Or how many ſeveral Variations may 
made of any Determined Number ct Letters; Or any other 
Je Method of finding cut the Number of Changes, 2 by a con- 
_ tinual Multiplication of a1! the Terms in 4 Series of Arithmeti- 
cal Progreſſionals; whoſe firſt Term, and Common Ditference 3 


1. If the things propoſed to be varied are only two, they 


Thus, J . 1 = 1 | 
2. And if three things are propoſed to be varied they 2 


is 


k 


Chap 6. 561 P2opoetion, &&. #3 


| hs changed fix ſeveral ways; As to their order e X 


| different Places. 


| Hereis Six Different Changes. „ 


And no more. „ 
For beginning with 1 there will be 1 1 3 5 * 

Next beginning with 2 there will be 7 4 2 , ' . 
Again, beginning with 3 and ir will be 1 3122 


Winch in all make 6 or 3 times 2. viz. 1X2X3=6, 


5 3. Suppole four things are Propoſed to be varied ; Then 


they will admit of 24 ſeveral Changes, as to their Order of 


SEW 


9 


* „ * o 


— —— by 


For beginning the Order with 1 it will be Q 


+ W WH HD 


wy : 


2 


And for the ſame Reaſon there will be 6 Different Changes 


UW 


| when 2 begins the Order, and as many when 3 and 4 begins = 


the Order; which in all is 24=1 XX XA. And by this Me- 
thed of Proceeding, it may be made evident that 5 Things ad · 


| mit of 120 ſeveral Variations or Changes ; and 6 Things of 


722. Cc. As in this following Table. 


| * The Number The meer how | The different Changes or * : 
| of Things pro- | their ſeveral Va- Variations every one of the | 
| poſed to be va- | riations are Pro-|propiſed Numbers can ad. 


. = td 


: raed. . | duced. „ mit ef. . 
— 1 | N 3 


1 Cc | 

+ . 120XK6|=720 Oe, 

5 | 720X7 =5049 FE . 

5 / 5040 N 240320 5 2 
* 403209362880 5 

'| 352880Xto|=3623860a m(nf%n 

| 3628300X11]=39916800 5 
| 39916800X12 81600 . | , 


0 ww. 5 * 


* £ 


would have been Ringing but once over. 


-——_—K@@_ 


7am Ti, 


| Theſe may be thus Continue) on ro any Ailtgned N ä 


ber. Suppoie to 24 the Number of Letters in the Alphabet, 


which will admit of 620443401733239439360000 Several 


Variations. 


From theſe Computations may be ſta rted ſeveral pretty, and 


indeed very ſtrange Queſtions. 


= Examples, | 


Six Gentlemen that were Travelling met together by Chance 


at a certain lun upon the Road, where they were (o pleaſed 


with their Hoſt, and each others Company, that in a Frolick 
they made a Contract to itay at that Place, to long as they, to- 


getber with their Hoſt, could fir every day in a ditferent Or. 
| ; or Poſition at Dinner; which by che foregoing C-mputa- 


tions will be found near 14 Years. For they being made. 5 
with their Hott, will admit of 5040 Diterent Poſitions ; but 


_ $040 being Divided by 3655 the Number of Days in one Year, 


will give 13 Years and 291 Days. A very preay Frolick 
inet. ) Colne, 


l bave been told (That before the great Fire which h1pper'l 
Anno 1666) there was 12 Bells in St. Mary Le Bows Church in 


|  Cheapſide, London. Suppole it were Required to tell bow wany 
ſeveral Charges might have been Rung upon thoſe 12 Bells: 
and at a moderate Computation how long all thole Clianges 


| = Firt, 1%2X3X4X5 X6X7 XI X9g X [OXILNI2 = 4790016c9 


the Number of Changes. 


Then ſuppoſing there might be Rag 10 Changes in one Mi. 
nute: viz. I2XIC=120 Stroaks in a Minute, which is 2 Stroaks 
ia a Second of Time ; now according to that rate there mult be 
ailowed 47500160 Minutes to Ring them once over in all their 
different Changes; viz. 10) 47001600. (470166. 
In one Tear there is 365 Days, 5 Hours and 49 Ne which 
being Reduced into Mimmes, is 325949. ED 


Then 525949) 47920160 (91 Years, and 26 Days. | 
5 > So long would thoſe 12 Bells have been continually Rings 
__ without any Intermiſſion, before all their different Change: 
_ cul bave been truly Rang but once over. Tis ſtrange and 


_ teems almoſt incredible, ttt a few things thould produce ſuch 


But 


g 
EJ 
4 
ch 


Jul 
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But that which feems yet more ſtrange and ſurpriſing, yea 
even impoſſible to thoſe who are not a little vers d in the power 
of Numbers, is, that if two Bells more had been added to the 
aforciail 12, they would bave advancd the Number of Changes 
(and conſequently rhe Time) beyond common belief. For 14 
Bells would require (at the fame rate of Ringing as before) about 
1657 5 Tears to Ring all their different Changes but once over. 

And if it were poilible to Ring 24 Bells in Changes. and at tbe 
ſame Rate of 10 Changes in a Minute, which 1s 4 Sera in one 


Fecond; they would require more than 117o000co000000000 


Nears ib Ring them but once over in all their different Changes; 


| a5 may eaſily be computed from the precedent Table. 


* * tit 


07 Pꝛopoꝛztion Dis junct commonly called the 
5 Golden Rule. . 


3 5 


1 Dujunct, or the Golden Rule, is either Dire or 


| Reciprocal, called Inverſe. = And thoſe are both Simple 1 8 : 


3 Sed. 1; © 


| Dire Propurtion is, when of four Numbers, the Firſt beareth 
| the ſame Ratzo or Proportion to the Second; As the Third doth 
to. the Fourth. C 8 


4s in theſe 2: 8 6 24. 


* Conſequently, the greater the ſecond Term is, in reſpect to 


the firſt; the greater will the fourth Term be, in reſpect to che 
Thar is, as 8 the ſecond Term, is 4 times greater than 2 the 
firſt T:ym So is 24 the fourth Term, 4 times greater than 6 the 
third Term. Do 66„»ṽ̃ i, * 
Whence it follows, that if four Numbers are in Direct Propor- 
tion, the Product of the two Ex: reamt, will always be equal to 
the Praduct of the two Means, as well in Dj unct as in continued 
Proportion ; according to Lemma 2. Page 7 7. 
For As 2: 2 4:6: 6 K 4. Or 48 3:3 f:: 6:6 N 3. 
But 2X6 X4=2 X4 KG. Or3X6X5=3X5X6, 
Thar is, the Product of the Extreams is Equal to that of the 


— "Arithmerick 8 5 Perl 


0 Again, the Jets the ſecond Term is, in reſpect to the firſt; th the 
leſs will the fourth Term be, in * to the third. 95 


As in theſe 18:6: . 
That is, 18: 18 * ATE 12: 12 = 2: 
But 18 K 1223818 3 * 12. Viz. 18X4=6X12, 


Conſequently 2 . 8 6. 24. And 18.6. 12 . 4. are true 


Pro tionals, per Corol. 2. Page 57. | 
1 3 theſe Conſider atiors comes the kinks of finding 
a fourth Number in Proportion to any three given Number, 
 WWhence it s call d the Rule of Three: 

For if the ſecond Number Multiplied into the t third, be equal 
to the firſt Multiplied into the fou th, it is eaſie to conceive, 
that if the Product of the ſecond and third be Divided by the 
firſt, the Quotient muſt needs be the fourth Number. For if that 
Number which Divides another, be Multiplied into the Dtient 
produced by that Diviſion ; their FINE: will oe equal 00 the 
| Number Div vided. dee Page 2 | 


As in theſe 2:8::6: 24. S 
eee then will 48 ＋ 4. Or 48 - 12 


Nore, Any four Numbers in Direct Proportion may be varied le 
To vical _ Rs in — . 


neee. Then : 6: 207 he 
And 6 : 2248 oo "SQ. 6: 282 So Sec. 


| "Theſe bien ERA nt 1 underſtood will y = of no „ final 25 1 
tile true ſtating of any Een i in l. Rule of Three. ST 


Wben three Numbers are given, and it is required find 1 


ſour th Proportional; the greateſt difficulty (if there be any) wil 


be in the right itaring the Jueſtion, or Abſtratting the Numbers 


out of the words in the Tai, and Placing them Gown 4 in 


their proper order. 

No this will be very eaſi e if ir berruly confi dered, that i 

ways two of the three given Terms, are only ſuppoſed, and aſſign 
or limit the Ratio or Proportion. The third moves the E 


RD And the fourth gives the Anſwer. 


4s for Inſtance; If 3 Yards of Cleth coſt 9 Shillings : What 
Will 6 Tards colt at the fame Rate or Proportion 5 
lere 3 Tards, and 9 Shillings, are two ſuppoſed Wie that 


LS: imply the Rate; as appears by the word (if) viz. if 3 Tards 
colt 9 Shillings (Then comes dead _ What will 6 Tards 
N. B. 


colt ?. 


fe 


Chap-7 * Of Pꝛopoztion, c. 87 
N. B. The Term which moves the 2 hath generally 
ſome of theſe words bẽ fore it; viʒ Mhat — Hor manx⸗ 
Pow long Yow far ? or How much -_&c. : 
Then (carefully obſerve this; wiz.) The firtt Term in the 
8 Suppyition mult always be of the ſame kind and Denomination | 
= that Term which moves the Queſtion. And the Term ſought 
ue BY will always be of the ſame kind ac and Denomination with the. le. 
cond Term in the Suppoſition. 


1  gvi 


1 2 Jha 1 72 Shit. 

5 | : Thus 1 5 Then 

tal | 55 
re, Al 2 in Dircei Procion way be alone by three 


the I& ſeveral Theorems. 


Divide their Produtt by the firſt Term ; the 2 
tient will be the Anſwer requi red. 
Yards Sh il. Tards.Shil. 
| Thus 3:9 :: 6: 18. "The p< 


» HM 1 the frond and third 7 Terms together, a 8 
| Theorem 3 


* | =” | 3 becauſe the "MET" e 


1% Fr» Oz 75 54 718 Shilling, Term was Shillings = 


{Divide the ſecond Term by the firſt, then Multipy 
z Theorem 2. 4 the Quotient into the third Term; and tbeir 
| 1 Product will be the * 8 = 


18 | 5 d Shl. Lands Sil. 
Thus 3 F 9. ET Then 3 3 X 6 18. as before. 


12 3 

will © Divide the third Term by the firſt, chen mu. 
bers Theorem 3. ) that Quotient into the ſecond Term, and | their 
in Pre dudi wall be the Aue . 

HY 2 Shil. Yards Sil. 

gn Vb N | 

n; Thus 3)s . "als * 2 = 18, as before. 

hat Hee you lee that all the three Theorems are equally true; but 


the fir tt is mott General, and uſually practiſed. Yer the two laſt 
may be readily performed when either the ſecond or third Term 
can be Divided by the firſt ; And will be found of ſingular Uie 
in the Kules of 3 Ke. as will er an on- 


Al 


88 5 —Aricinnerick. Part I, 


ee 3 n 2 
— —— [ 7 — 3 m . 


* 


— — 


nw 


; Queſt. 2. it 8 Ib. of Tobacco colt 14 Shillings What wil 
balf a hundred e (viʒ 30 b.) colt at the ſame Rate? 


Thus 9th. : 14. :: 56 lb.: 44. 18 5. | The Anſwer, 


. 


$) 734 88 r=at Br. 
Or thus 8) $6 (=7- Then 14 X 7 s. 8 before. 


Queſt. 3. If 14 Shillings will buy 8th. of Laco; How 


much will 4/. 185. buy Alter the ſame Rate? 


Stated thus 14 5. 8 15: : 41. 18 . 98 K.: 
Then 98 X3=734- Aad 14) 784 (56. The * 


Queſt. 4. If half a hundred weight of Tobacco b⸗ worth 41 


13 7. How much may I buy for 148 N at that | B. tes 


Stared thus 4 J. 18 . 898 f.: 56 lb.: : 
| Then 35 * sg. And « '98) 754 (s is The 1 = 


1 Queſt. 5 Supp ole 40 18 5. will buy 56. of Tobacco, what þ 
Vill 118 tb. of the ſame Tobac ro colt? ms 


This Queſtion i is thus Stated, 56 it. - 4h 13 $. at 1 8 lb. — 


Then 98 X3= =784 And $6)784 (= 144. The aufer. 


Me. The three laſt Deſt; ons are only the ſec -ond varied, be 


ing propoſed purely io give un Tnitance how any & ueſtion i inci 
Noe of Three may be varied, mne co Page 30. | | 


Oueſt 6. Whar will 2 of u Yard at Felzer colt, when the 


Price of 21 Yards and 4 half is worth 224. 104. 6 d. Ius 


Queſtion truly Srared will tand 
Thus 21 + Tas: 22 J. 10. 6 d.: T6 the PEI 7 


' Which may be found three hand 3 * FP A 


- by Valgar Fraftions ; or by Decimals. 5 


1. By Reduction. Win the firſt and third Toms 1 into one 


8 F e dix. into Quarters, and Neduce the lecond Term 
into its leaſt Denomination, per Sett. 4. Page -- 


| Thus 21: —36 2 215. And 22 J. 10 5. 64=5.406 Pence: 
- Then 50: 5406 


LES Fo 8 5 d. For 988 * 


FF 


dil 


low 


chan, 4 * Pꝛopo tion, &c. . 89 


— 


And 86) 162 18 (Sisg gad. Then 18872 : Pence=15 8 8d. 
; Far things; the Anſwer required. 1 


2. The ſame Quſſtion H ated! ir Valgar Fraffom «ill hand 


Thus 21:=* 2 1 2: I-+(Sos'C: z. Page 50.) 
-&, 8 po IS ; + dy 2 2 e 
Then *22X5="2434. And 5) (a Page 55, 56. 


Theſe £2;< Parts of a Pound are brovebt into Skiliings by 
Mul-ip.ying tli Numerator With 29, and Didi. ling the Predutt by ; 


Is DeneminAator, &c. 


Thus 34 Neeb. And 6380) 188125 E 

Andi there Remains 4920 Again 49 2X Fug 59040. 
Then 6880) 59040 (8 d. and 1 Ec. as before. 

3. The lame wrought by Decimal alas: will be thus ; 
2112215 22 Lr 6d=22 525 and J=075 © 
Therefore --21;5-: 22,525 : : 0,75: to the . 
Then 22,525 5. 6.895373 Tak: 
And 21, 5) 16 8937; (9,7 57 — 94, 2 Far. f 3 
Queſt. 7. It 20. 3 9s. 21 it, ot Agar colt 64. 15. 34 


what will _ C. 2 qrs. colt at the fame _ ite. 


That ls 2 C. 3 . 21 * 0 8 1 5, 8 1 # Towkaa 


. = | 121 5. 1 2255 5, 
28 | Mm 12 Toy 5-4 
oy — . 1400 2 be 
3 5 755 2 1400 b — 


Then 1450X 400=2044900. And 429 2244299 (621244. : 

=251. 17 . 83d. the An wer required. | | 
| Thefawe Duejtion Stated in Decimals, will and 

Thus 29375 6, 0833 * 12,5: To the anſwer. | 


Then 6,0833X12 5 =, 04123 which being D:vided by 
2.9375 will give 25,8863 Se. the Auer in Decima!s, which | 
brought into Coin, will be 251. 175. $434, as betore. DR 

Nate, Hen the it Verm is an Unt or 1, the Queſtion 's 
Aniwered by Multiplication only. 


Example. Suppole 1 give 5 Sbillings 4 Pence for one Ounce ef 
uver. What mult 1 Pay for 325 Ounces at the ame Rate. | 
That is 15:55. 35 * 3223 10 

Which is belt Stated t Laws 1. 64.5 421: 32 
3 Then 


»— * by 


— _ — _ . YE — 


F 


be eaſily concrivd from what hath been already id; wi; 


— — 


S nee Pitt 


S hen 32 5X 2530 48 | (49 39580 the 7 requires. 
niche, Ar. t pies nor Dixi des 

V' ber: rhe {cord of hire Tem san Unit or 1 then the Due. 

ſtion © 'S Anſwer c ths D. oy. As in tas Ex. :mp:e. | 
it a Svr Tis He,, we 8 ing 21 QCces, colt 50 ot hue waar 

that an Ounce. | 


I bus 21 cz: 54. 15571195 ; 567 0 To the drſao. 


7 
That 1s 2.) 119 (=5 5: — 5 3. dl. 


-The Proof of all QR ons in the Rule of Three Direct, way 
F bat the Product of che firt and tourth Terms, mu't always be 
eq a! © the Predu# of the ſecond and third Terms- 

Or mrerwile, by varying be Queſtion, as in the Second, 
Trird. Fourth and Fifth 1 Dug tions. 

1 ſhall conzlude this Section with bert ug a fo Deſt 


ons and their Anſwers; wg cli. ir Work for the Learne's 
„ Pra ice | | 


Durſt. 1. What wil the Carri ge of 17. 3971 It th. core 


. wy. at the Rate of 7 6. the Hundred. 


PR 61. 45. ok 


N 2. 1 61. „ 2 be paid for the Carriage of 17 C. 
1 I it. what was 4. for the Cairiage of one h. 
| | Anſwer 3 Farthings 


- Duſt. 2. & Greer: boughe 3C. TA 14 I. welt 4 
95 Clever at the rate of 22. 4 d. per tb. and fold them for 

521. 14s, W kerher did he gain or loie by the Darga, i ard 
bow much. 


| " Afi, be gained 8 l 124. 
Ole Fr A Draper donc. of 2 Merchant eight Packs of 


| Cloth; every Pack had four Parcels in it; And each Parcel 
contained ten Pieces; Every Piece was twenty fix Tards; 
He gave after the rate of four Pounds ſixteen Shillings for 5 2 


What came the — backs 8 and what was it worth per 
"FOG | 


Anſw. They came > to 66561. And i is worth 261 s. * 1 


Queſt. 5. A Merchant bought 436 Yards of broad Cloth for 
85 o d. per Yard. And fold it again t for 10 86. 46 per Tard, 


; Whar did be gain > the 436 Tards. 


 4rſm. he Fain 39 J. 198.44 


N 


24. 

KS of 
Parcel 
Lards; 
Tards, 
h per 
od. © 
U for 
Tura. 


44 


RE, 


doth it m. ve in one 2 


a Yard colt at that Rate. 


2 "of Proporrio ne. = 


2. ſt. 6. A Goldſmith bought a Weage of Geld, which we ig he 
ed 14 b. 3 x. 8 =. * 45. What did he Pay per Ounce. 
Anſw. 3 l. per Ounce. 

Dau F: 7. 17 Lat will 48 3. 17 pe. 20 Grains of Silver Plate | 
come to, at the Ra's of 5s. 6 d per Ounce. 


Anſw. 131. $5. 103d. 


| "Of g. If in b t 0 one ſpe nd 13 4. 4 d. How —. Mar ; | 
621. 6s, lait at that Hae. 


An ſw. & Fears, 47 Days, 2 Hours, 24. 5 
Ds fs 9 Wor will the one ei ighth part of a Ship be ww: ith ; 
eint the half is valued at 1513 . 
| | Anſw. 2531 174. 64. 
Duet. 1 to. * be gur is Haid ro perform one entire W i 
Soy in. ee Hundred and Sixty Degrees) in the pace of three Hun- : 
cre Sixty five Days, five Hourr, torry eigat Minutes, and fifty 
ſeven Seconds of Time, called a 4 7. opical Or Solar 1 Tar. How much 


. i 1 
| , | "Aa N 1 e 8 
. 11. le £0 fn Tad of Velvet c- 0 & 612 a P: 1nd Sterli 77 
hat wall g of a Tard colt ot The lame Velvet. at tha: Rate. 
„% ¶ͤ¶ĩ 0ĩͤ „ Auſw. e. 9. 4 4. 
Sift. 12. Suppoſe 2 2 J. and 3 of L of a Pound. Sterling will 
bas 3 Iurds and + of 4+ of a Tard of Cloth; Huw much wiil 2 : of | 


19 TIER f of a rang. 5. 4; 1 


Selk. 2. Of R ecipoca Provoztim; - 1 called the 
IO Des * of A leren. | | 


e ical 3 is, who of four Nu imbers the third 10 vi. 
lat which moves the Dre Rin! beach the fame — to che 
it A the lecond doe t the fourth. 5 
T. ere fore, the leſs the third Term is, in reſpect to the gr ; 2 
The greater wall the fourth Term be, in defect co the ſecond. 


Ex ample 1 [+ 5 


co Gas 1 can * 2 piece of Work in ſix Days ; He 
mary Days muſt eight Men require to do the lame Work 
the ame Rate of working. 

Here 't's plain that Egbt Men * needs bave mr, © 
line than 16 Nen to do the ſame Work. Canie duct, 


. 
y 
3 
N 2 | Efreate: 
8 OS 
| — | 


- 


3 Arb r 


great e rne 1 Term is, in reſpec to rhe Firlt, the leiler will 
the F urth Term be, in «cine to the Second). 
Example 2 If 8 Men can do a piece af Work in 12 Days; 
how many Days will 16 en require to do rhe ſame Work. 
Here it is plain the fourth Term mutt be les than the Second, 
| becauſe 16 Men undoubicuiy can do the lame Work in let 
Time than 8 Men can. 
From theſe Conſiderations, com pred with thoſe in bog 85. wil 
bie eaſie to percei ve whether the Terms of a propeſed (Quettion are 
| AN or Reciprocal Proportion. 
| For when according to the true Meaning or D. 1 n of am Queltivn 
in Propyrtion. Maze Requires Maze, or Leſs Requires Leſs, 
the Terms are in Direct Proportion, as in tbe laſt Section % 
But if Poꝛe Require Leſs, or Leſs Require Paze ( above) | 
then the Terms will be in Reciprocal Froportion. | 
The manner of placing down the Propaſed Terms is the ſame | 
in both Rees, viz. The Firit Term in the Suypeſition mutt be ot 
the {ame Kind and Denomination with the Third Term which 
moves the Qucſtion; and the Term tought muſt be of the ſame 
Kind and Denomination with the Second Term: | in the e 
0 Ari in the o lait CO” 


Men Dot M n bo | 
5 Example C 86 - 
r Example 2. LE TE. TD 
The Queſtion being truly Shared, ablerve this II ecrem. 
Multiply the firſt and ſecond Terms regether, and 
| Theorem C | Divide her Pr odutt l vy the Third Term. the Ruotien 
„ will be the Anſwer Required. | 
| Thus in the Second Example 12 48 96. 15 


| Then 16) of (=5 Days the Anſwer Required, 
Tat is 16 Men way do the lame Work in 6 Days: as 8 Men 
| Men can do in 12 Days. 
No the Realon of this Operation, an conſequently of the 
Theorem) is grounded upon chis Conſideration; ; viz. If 8 Men 
Require 12 Days to do the Work, tis plain that one Man 
would Require $ rimes 12 Days=56 Days to do the ſame 
Work, bur if one Man can do it in 96 Days, moſt certain 
16 Men can do it in one lch part of that Time. There- 
fore 96 Divided by 16 will give. the Antwer A viz 
1675 95 (6 As before, &c. 
Burſt. 3. Suppoſe 800 Soldiers were Bef eged in a Tow, 
204 Their Victuals were computed to ſerve them two Montts 
r 56 Days, $} How mon ot zhoje Soldiers muſt depart the 
| Gurilon 


| Thus, in 


Men 


f the 
Men 
Man 
ſame 
ertain 
here- 

Ul, 


own, 
onths 
t the 
01101 
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L Thus 6, 6 45 4 28 
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Gariio:). that the [Ge Victuals may ſerve the remaining Sol- | 
diers 5 Months. 


The Queſtion truly Stated, will ſtand 
: This: „ Tze Soldier Month — | 


809 :: 5 — 
| 3) | 1625) (325 ] 85 many Soldier may lay! in : 

the Garilgn. | 
Conſequently, 80 9—320=480 Soldiers that muſt go out r of | 


the Gariſon, which is the Anſwer required. 


Queſtion 4. A. Borrowed of his Friend B. 250 l. fre fix 


Munihs promiſing to do him the like Kindneſs upon Demand: 
Same time after B. defires 4. to lend him 400 1. the Queſtion is, 
bow Jang B. may — the ao; to be fully ated tor his for- : 
mer Nindne st to A. 


5 pg 3 Months 21 Days. | 
Thus, BIT 6 5 Months : : gook. 3 
ac) == (3 "Months : 
. 28 20 ines; one e Monts 

881 87 “ 21 Days 


Queſtion . If 2 Penny Waite Loaf 8 to ach Eig br 


| Ounces Troy Weight, when Wheat is fold for {1x Shillings Kr 
pence the Buſhel, waar mult 1 it weigh when * heat is fold for 
four hill ings tae Bulh: ED = 


1 . 13 Pwe . 8 Gr. 
G.: Sou d. To the af. | 

48) 62 4 ws; ; the dnſver require ed. 5 
45 15 


* 
144 


To 8 19 55 
The Pr aof of this 3 Nuke is ea ly 3 "ae its Ope: 


| rations; viz. The Product of the Firſt and Second Terms, mult 
| be _ 10 the Product of the Third and Four th Term. 5 


Note. 


- 94 Arithmetich „ Part l. J. 


Note. Any Queition that falls under chis hk Rule or Rees 
- procal Proportion, way be fo Stated as: to have it Terms in Dire(F 


Proportion; by only changing the Places of the Fit and Third 


Terms in the Nueſt ion. Thus, 


Queſtion 6. If a Field will feed Eighteen Helen for dere 
Wecks, how long will it feed Forty Two Hortes at the ſame | 
Rate of Feeding. | 

Firtt, 18 Ho. Es: 7 Weeks ; : 42 Horſes : 3 Weeks, 
lere the Terms arc ſtated Jove fob. as betore. | 
Otherwile ibus, 42 Horſes : 7 Weeks : : 18 Horſes : 2 Weeks 
I ben 18 X7 = 126. And | 125=42 = 3 Weeks. _ The Anſwer 

ns. | | „ 


ESD 3. of Compound p P 25 :ꝛtlen; ; cmd called . 
Ddusle Wale ot VHXe- 1 


Cpt Preportion fas * tis here meant is, hen dere are 
5 Five Numbers given to find out a Sixth Propor! ional ; and this 
is generally pet formed by a- Double Poſition ; that is, ty Stating 
and Working the Oneltion at two Operations, either in Direct or 


e Reciprocal Proportion, according as the Que nion requires. 


And therefore its called the Double Golden Rule ; 5.67 | Double 


Rule of Three. 
be Double Rolle Direct i is, when the Sixth Term or Number 
Push, und by two Operations, both. of them in Direct Propor- 


A 
eb 1. IE 2 Hundred Pounds gain Si Pounds In- weld 


in Twelve Months ; bow much will Three Handred Pounds 
gain in Nine Months; at the ſame rate. | ; 
Firſt 100 J.: 6/, :: 30's 18% 
1 2 5 de Intereſt of 300 l. 
259 90 (181. for Twelve Montbs. 
| 1 55 Months „„ | | 
Then, i Weg int ions: 
„„ N 
a 12) 162 162 3 10 4. "The Anſwer © 


1 fuppoſe the Tearner will eaſily conceive the Reaſon of theſe 
two Operations. For, firſt it's plain by Direct Proportion, that 1 
Tool. gain 64. in Twelve Months, 300 /, will gain 184 
tte ſame Tu, ang at the {ame Race, 5 A > 


if 


n 
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And by ide ſame Rule * tis plain, that if 12 8 8 
duce or give 13 | Intereſt for 300 l. then 9 Months mult needs 0 


give 13: for the lame Sum, viz. 300 J. 


The Double Rule of Three Inverſe 1s, when the Sixth 1 Term or 
Woe (ought is found at t- ). Operations, (as bi fore.) But one 
of them Kequires an Anſwer in Reciprocal Proportion. 


Dreftion 2. If 6 Buſhels of Oats will ſerve 4 Horſes 8 Days, 


how 1 many Days will 21 Buthels lerve I6 1 at the lame, 1 
Rue of Feeding ? 8 | 


Ibs Queſtion being parted into two > Poſt rions, the firſt will 2 
be thus: 


If 6 Buſhels of Oats will ſerve 4 Horſes 3 Days, how many : 


Days will 21 Buſhels ſerve them. E 
Here 'tis plain that 21 Buſhels will ſerve them longer than 3 


| Buizls; theretore the fielt Poſition falls i in Direct e . 


12 Dor. Drs Days 

1 8 :: an 28 

1 6) 16s 68 728 Days. | DD 

"Thar &; i 6 Beſte wall ferue 4 oy ; Ons » 21 4 wil ; 


ſerve them 26 DO. 


The next Poſit tion FRY be to ) find IE _ the TP 27 Buſhels 5 
will lerve 16 Horles at the ſame Rate of Feeding: Tis plain 


that 21 Buſhels cannot ſerve 16 Horſes ſo many Days as they _ 


wall ſerve 4 Horlcs ; therefore this Second Paſir tron falls i in Reci- . 
8 Proportion 5 : 


"Thus 6 Horſes 3 Hoſes Dge 


"4: 28 : 16 : 7 the Anſwer . 
After the like manner any PAS in the Double Rule of Three | 


way be Anſwered by two Singie Poſitions, if Care ve iakenin _ 
Srating them right, viz- Whether their Operations wult be pry N 
formed by the Single Rule Direct, or Inverſe. 1 8 


But all Queſtiors in this Double Rule, where Five 1 are | 


Propoſed to find a Sixth, may more eaſily and readily be An- 


ſwered by one General Theorem; which compriſech both the i- 
rect and Inverſe Rules: without conſidering either of them, ben 
Deduced from the Single Operations before · going 
But firſt you muſt en Note, that in all Qreſtions of 
this Nature Three of the Five Propoſed Terms are always Con- 
| OS ditional | 


ſtion. As for Iaſtance in „„ 


N Viz. | Let ) T= 12. The Time. © 
Tuhat is, 100: 6 300: 300 & 


1 I 


* 5 222 — 3 r OS. 2» — . 4 
; * 22 - * - 2 [N - 2 — 
- 2 * 4 0 * 
—— — „„ « — A > a 8 1 * * 8 . — — 
+ „ e Ms * , * >. "OY — = ” <p_—_ * 
/ 4 ; 1 * C * * * J 5 goes — — — * 9 — 2 — — 2 — 
8 Fe £ 


-6 Part I. 


ditional and Suppoſed; And that the other two moves the Que. 


Viz. If 1co/. will gain 6/. in 11 Months: Theſe three 


Terms are only ſuppoſed or Conditional. Then comes the Que. 
ſſtion; What will 3201. gain in 9 Months? Now, in order to 

_ rate the General Theorem, let us ſuppoſe, inſtead of the Numbers, 
RR 3, : 1 e | 


eP=1r00o. The Principal. 5 15 
5 of any Propoſed 
0 6. The Gain. } ©. Queſtion, ©: + 
Ns Zoo. The Principal. 7 Tbe Three Term; 
. ind, . The Tin. £ wherein the Que. 
CCC 8e i ion lies. 


ö Ia tte Suppoſition 


PQ by the firſt Extream. 


” Then #: Gr: ? Gp. __ {The Product of the two Means Divided 


D Which is the fir 
. 3 on of the Que- 


355 % Wiich is the [5 
e 05 cond part uf the 


755 5 Viz. 23: 1 -::5 


'9 1% Ic - Queſtion,” 


—P F equal to that ef the Means. 9 55 


e Conſequently, T-?—Jpt. ls the Theorem. 


. This Theorem affords two Rules by which all Duftions in his 
Double Rule of Three, or rather of Five Numbers, may be Re- 
| folved ; due regard being had to the true placing down of the 


Always place the Three Conditional Terms in this Order; Let 
that Number which is the Principal Cauſe of Gain, Lots. or 


Ccion. Sc. (viz. P) be put in the Firit Place; Tha: Number 
whic', ienotes the Space of Time or Ditfance of Place, Ce. 


| (viz. I.) be put in the Second Place. And that Number which is 


the Gain, Loſs, or Acton, Sc. (viz.G.) be put in the Third 


Place. Now according to theſe Directions the Conditional Term 
of the lait Queſtion will ſtand thus; P. T. G. 5 


That done, place the other two Terms which move the Que- 


tion, underneath thoſe of the fame Name, 


ec P „6. * 
l El 
EE oa = Then 
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Then if the Blank or Term ought, fal — the Thad Place, 
25 in this Quettion, | | 


11 wil] be{ © 


25 =2 Which gives this Rule. 


0 | | My 15 Three laſt Terwa roger) er for a Di- | 
5 ue r. viden1; and the Two firſt together for a Diviſor, f 
n Quotient _ ing 88885 them wi/l be * Sixth | 
n . | 
d | | | 
That! is, in our 0 Erl 1. e 1 
Ns — Thus 6X3coX59—16200 The Diridend. | 
e. | And 1c0X12=i209 The Diviſor. 


| Then 1200) 16200 (13% The Anſwer. As before. 


ed Bur if the Blank or Term fought fall under the 7 P! ace, | 
then , 


t 7 NE 2 
5 | It will be) — 2 
de- 1 | ? 
G. Or if the Plank fall under the 133 Place. 
the Ic 0 will be 5 =_ HS Erher of theſe give this wr. 


Ss for a Dividend: And the other two together for a Di- | 
viſor; the Quotient arijiug from. them wild be the - 
Sixth Term. > 


And becauſe our Example 2 2+: Fa Its a the Config e Es 
doch of Direct and Reciprocal Proportion, ler 1 it be here properd 5 
Again. 
wo If 6 Buſhe!s of Oars will ſerve 4 "Herts 8 Days; 
ow many Days will 21 Buſhels ſerve 16 Hts. Se. 
If the Terms of this Deaftien be placed down as before di- 
nber ected ny w.ll Hand; i 


5 Mlultipiy the "a lem and | 1 Terms rogetler 
Roe : 


Oe. Horſes Days Buſhels 
ch is Thus $+ „ 6 Terms in the Sup 1 tion. 
hird 16 | 21 


Here the Blank Falls under the ſecond Place therefore it d 5 
e found by the ſecond Re. / 


Thus 4X8x2 2 the Dividend. 
And | I6N =96 the Diviſor. | . 
+ The 95) 672 (7 the Auſwer as be ore. 


: | | - | | | Due 1 
T hen 3 Na 


0 
1 
2 


ö 
8 


K 


. _ an 
, * ; P - — . a. = — — 
- + - { — 
— n — "0 - 5 Eur -- 
5 — — 1 7 — — . . 5 2 - . — 
i = 4 * , a y = 2 — — * 2 = 
—— T * — p , = 2 * — by - . = — 


- Sov, * 


1 
1 
Tz 


: Pounds, a Md al the e {ame Rate. 


5 Arithmetick. 3 Part l. 
Duſt > 3. War Principal or 88 5 Gan 20 1 in 8 Month; 
at © per Cent. per dnnum. 

Prin Time Gain 


10% 11 6 Terms in che vir fu. 
8 20 


0 this Dueſtion the Blank falls . the firſt Place, | ther 


fore i it muſt be found by the ſecond Rule. 


Thus 100X12X20=24000 the Dividend. 


8 55 And ED > 6=48 the Diviſor. 


I ben 48) 24000 (500 l. the 2 bega 
The Proof of all Dueſtions i in this double Rule of five Num- 


3 bers, is beſt perform d by varying the Queſtion ; viz. * n 
it in another Order, as in the laſt Example : Thus, 


If 100 /. Gain 6 J. in 12 Months, what will eo. Gain ins 
Jhenebs,. 


| The Anſwer to this Queſtion mult be 201. . if the Work 
— laſk e be true. 


pris Tame Gain | 1 


| Stared * 1 2 8 * LT 8 5 


5 e 1 100X12=1200 Es 
oo Sons 1200) 24000 (20. the Anſwer, &e: 


Out. 4. If two Men can do 12 Rods of Ditching in 6 Days, 


| | How many Rods may be done 1 85 8 Men i in 24 Ops, a: the ſame 
- Rate of IAG. EY 


5 af. 192 | Rods 
Queſt 8. 11 the Caries of 5 C. 3 r. weighe, 150 Miles; 


colt 37. 75 4d. What mult be paid for the Carriage of 7 C. 


2 27. 25 ib yes & Abt; at the lame Rate. 
Anſw. 11. 18 3. 14d. 


5 Luſt, 6. le 8 Men deferve 2 |. wake 5 days work, Hin 
much c< will 32 Men delerve for 24 days; at the ſame Rate. 


Anſw. 38 J. 8 . 
Queſt. 7. re a Hundred Pounds would defray the Eper 


ces ot tive Men for twenty two Weeks and fix Days. How low 


would twelve Men be in {pending of one Hundred and Fifty 
. 14 Weeks and 2 Days. 
| 0 H A p 
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CHAP. VIII. 


of Trading i in Company ; ; uſually called the Rule of Je aro ; ; 


Allo Bartering, aud Erchansing of Coins, ccc. 


T. E Rule of Fellomſoip is that by which the Accomprs G5 


ſeveral Partners Trading in 2 Compeny, are ſo * 
or made up, that every Partner may have his juſt part of the 
Gain, or ſuſtain his juſt part of the Loſs ; according to his ro- 
portion or ſhare of Money he hath in ihe j* Int. Stuck : Now 
chis falls under two Conſi deratiors, called tte — and double 


| Rules of * 2 


: Seck. oY The Dingle Rule of Felowſ.1; z wit Thar 


without Time. 
By the Si, woe Rule of Fellowſhip is adjuſted the Accompts of - 


| thole Prin that pur all their ſeveral and perhaps different 


Sums of Money, into 2 common Stock at one aud the ſame. 
time; and therefore it's uſually called che Rule of Fellowſhip 


without Time: Now all Qucſtions of this Nature are Anſwered _ 


by lo many ſeveral Operations in the e Three direct, a5 
there : are Partners in the Stock. 

Fir; As the Total Sum of A in the ck 1s in Pe to 
the whole Gin or Las; So s every Man's particular part of tb, at 
Stcck ; To bis particular ſhare of that Gain, or Loſs. 


Lueſt. r. There are three Partners, Suppoſe A, B, and c. 
make a Joint-Stock of 96 J. in this manner. 


A, puts in 24 /. B puts in 32 J. and C, puts in ak with -; 
this 96 J. they Trade and Gain 120. Tis required to find _ 3 


Man's true Part of that Gain. 
_ The firſt Operation for A Part af the Gain will ſtand, 
Thus 96/1: 121 2240 31 A Gaia. 
- Secandly: 961“: 121: : 321: 4 L= — B's Part of the Gain; 


Again 961 :.127: : 401 ©: 5l.=C's Parr of the Gain, 
Proof 2 1＋5 2121 the whole Gain. 


"ah is, if the Sum of each Man's particular Gain, amonnt to the 
woole Gain, the Hor ts true; if nat lane Error is committed which 
mult be found aut. 2 ED 
Note. Theſe Operations will be very ah ans, KH 
you work them by Theorem 2. Page 87. For here g6 is a com- 
mon Antecedent, and 12 is the common 1 Conlcquent i in all the 


der Proportions. 3 
O 2 - TO 25 Theres 


- 


oo grim mic. batt J. 


— 


K 


+» Gy a4). 


Therefore 96: 12:::1:0,125 is a com mon Adltiplicars 

Then 24 X0,125 215 for A's Part - 

And 32 Xo,125=4l. for Bs Part > As before. 
Again 40 X 0,125 =5 for C's Patt 5 


Now this Method is more readily perform'd hes 4 orher, 


eſpecially when the Partners are — 3 becaule one = 
Diviſion ſerves for all the Work. 


Dueſt 2. Three Marche A, B, and C, Freight A Ship 


with 248 Tun of Nine: thus, 4 Loaded 98 Tun, B 86 Tun, 
| and C 64 Tun. By Extremity of Weather the Seamen were 
forc'd to caſt or throw 93 Tun of it over · board. How much of 
this Loſs mult each Merchant luftain. „% 


Firſt 248: 93: 1: 0,37 5 the common Multiplier. 
Then 98 X0.,375 2 for As Lols. 

And 86 X0,375 =32,25 for B's Loss. 

Again 64 X 0,375 = 24, for C's Loſs. 


— 


Proof. | 1 = the whole Loſs. 


"Mow if this Dr ſton were to find how mach of the 3 


| Wine that was laved, belongs 0 4, to B, aud to C. 


Then 5383671. 81 25 be tongs to 4. 

Ani 86—32 25285357 75 belongs to B. 

And , belongs to C. 
Toar is. A cught to bave 61 Tun and 63 Gallons. B ought 


to have 53 Tun and 189 Gu bons. And C ought ro have 40 Tun 


ot Whar | Was Lelt. 


2 Backe ot 25584. 


* 1 puts * 654 0 65455 | 
\ 1 C7 « 33 27 54375 5 


— 450 0 125 8 


C 
Thus = | 
{ „ 3525 
jCFFFFFFTTTCTCTCC( 08; = 26v,: | 
| The ul ole Stock 2538 . 00 2255800 according to the 
Deſtion. 8 | e 


Wita 


> * 
; — 
”. 


ining 


ought 
0 Inn 


make 


to the 


Wita 
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be, according co his Stock, and the time of imploy ing it. 


With this S. ock of 2558 L they Trade Eighteen Months, ES ; 


Gain $317. 5s. Tis required to find every Mans Part ar © 


Share of that Gain. 


Note, Altho the imme of Trading, viz. E ighreen Months be 23 | 


tioned i in the (Quettion ; yet it en way concern 41 in anſwering 5 it; 
4s V m _ ve by t. be follows 1 Hark. | 


Firſt, 253814 1 1 565 0,325 | Decimal Parts. | 
| Conlequently 14. 5 0,325 :: 65445 2127125. Thar is. 
AS . X 0.325 =212,7125- for . 

B's Stock 543375 1032277871875 for B. 

C's Stock 480, N , 325 1 55, 000 lor C. 
Ds Steck 414.8 X © 3232 257125 for D. 
Es Stock 365,25 K 0,325=118,70625 for E. 
8 Fs Stock 280, > e for = ; 
T To 
. Gains EE 


— a 


I 
„„ hh omen 1767107 $=176-- 14+ 0245: 
Ek C.- 156,0 24156 s 00- 
That 15, Y\ D—— $2.7125 = bd... 14 .-03- 
1 5 33 LIES 
| 1 8455 = 04 - 16. 00. 
Prof Sum 83535 . —$31 2 o the Cain. 


l bave omitted reſolving this Queſtion according ro hs 1 
Method (as before directed) of finding every Man's particular 
pur of the Gain by the Golden Rule, as inthe fieſt Work of Ex- 7 


ample 1. Leaving that Hr the Lear ner $ Practice. | 


ge. 2. The Daule Rille of lan; ; or char . 


with T. me. 


Yew i iS 0 called the Double Rube of Elba deen 


erery particular Man's Money is to be conſidered with re lation 


to the time of its Continuance i in the Joint Stock. 


Dueſtion 1. 4 and B join in Partnerſbip vpon theſe Terms: 
vx. A. agrees to lay down 100/. and to imploy it in Trade 3 


Mouths: Then B. is to lay down bis 1co J. and with the whole 


Sock of 206 L. they are ro Trade 3 3 Months more. Now at the 
end of that time, they find their whole Gain to be 21./. 'Tis 
required ro know what each Man's part of the Gain ought to 


Here 


by the Dueſtion. 


| Rule, < | 


li * 8 - —_—_— 


102 EY —Irithmerick | = Pant 


| Here it is bur N ro conclude, that 4. ; dnt to Gain 


more than B. notwithitanding their Stocks of Money are equal; 


becguſe A. imploy d his Money à longer Time than B. 
Now for Solving of this Qucſtion. Let us ſuppoſe A's 100 |. 


| imployed the firſt 3 Months to Gain I Da Sum as yer unknown; 
then it muſt Gain 23, in 6 . and to — hat B. wu 


Gain it will be, 
1 Months = 
ö 22 = A's Gain 
: 100 8 3 9 5 T o Bs Gain y per Rule 1. Pee 97. 
5 Ergo 199% LEA . 2 Gain. 


hap 4 $ Gain added to B 5 Gain muſt = 2111 the whole Gain 


100 X 2 X27 5 
er r — — th 
Th efore 2 += Nr TN 2 


That is, Too X 6 * 23 + 100 * 3 KK 21 * 100 X6. 
Which comracted i is, 90 X 2X=21 x 600. : 

21 des 
| Conſequently, * 


Analogy. 


: Viz. on: : 21:: 600 0 I 14). for A's Cain; 


And 990 212: 100 * Z= 309 : 71. for B's Gain, 


| Now this way of Arguing hath not only reſolved the preſent 
Qui ſtion; but it alſo affords (and Demonſtrates) a General Rule 


| F ieſolving all 2 of this Nature, be the Partners never 
to MF, | 1 


z employed ; then it will be, As the Sum of all thiſe 
Products; Ts to the whole Gain (or Loſs.) So j every 


= whole Gain ( Loſs). 


| Queſtion 2. Three Merchants A. B. 20d C. enter into Partner? 
 ſhp thus; A. puts into the Stock 65 J. for 8 Months; B. puts in 


78. for 12 Months ; ; and C. puts in 84 J. for 6 Months. With 


_ thele they Traffic, and Gain 1661. 12s. Tis required to find 
each Man's Share of the Gain, baren to his Stock and 
- tune ot employing . | 


Is A's 


which gives the bene 


85 7 Aduleiph every particular Man's . ao the Time; it 


one of theſe Products; To its e fer i that 


TER 


ſt; 


b. 


; 


Chap. 8: Kue of Fellowſhip, Te. 103 


L 
1. A's Stock 65 I. x 8 Months, the time it was imployed=520 
in 2. B's Stock 78 J. X12 Months, the time it was impleyed 93 
＋ . C's Stock vl. * 6 6 Monche, the time it was impleed So 
| The Sum of thoſe Products is, 1960 
1; Then, according 1 ro the Rule, the ſeveral —— will N 
it W fand thus, 


- 15960 : 166,6 : : 520 : 4432 „ 45. od. for  Y . 
1960 : 166,6 :: . 79,56 =791. 115. 2d. for B. 
1560: 166,6 :: 504 : 42,84 =421. 165. 91d. for C. 
e Thie whole Cam 88 125. Od. 

: Or you may Work as in ſome of the former Examples, 
is by hi». vg the ee part of the Gain due to one Joo 


Ge. - 
Thus 96 : 168 6: : obs the common Mubipler 


Then 520 X 0.085 3 for 4. 
And 936 X 0,085 79,56 for B. I Ce. As before, >. 
Alſo 504 * 0,085 =42,34 * tor C. 


Queſtion 3. Six Merchants, viz. A. B. C. D. E. and F. enter in- 
5 to to Parcnerſhip, and compoſe a Joint. Stock! in this manner; 


174 — in 64 10 


B 378 E #7 . 
Vi. - : = i. : b Months. 
I 5 74 - | | 
le „ n ©: | . oo . 
r They Traffick, and Gain 2 . EY 5. 42 4 "Tis . to 5 


find every Man's Share of the Gain, according to his Stock and 

Time it was imployed. | 
The ſeveral Stocks of Money, and their iefvetiive th times be- 

ſe ing firſt brought into Decimals, and then e — 

: will produce theſe following Products” | 


| "E Months Ts | 
5 4 8 Stock 64,5 X4,5 the time it was 80 5 
2 B's Stock 78,75 X6, the time it was imployed=472, 5 
in C's Stock 100, $8.25 the time it was imployed 82 5,0 
h D's Stock 80,5 X12, the time it wa imployed 6, 
d E's Stock 74,6 X 95 the time it was imployed—=" 08,7 
d p 15 Stock 12575 %, the time it was imployed=030,25 


- — — 


The Sum « thole Ra 4 
They 


's 


- — — 


— 


— — — At.” ———— 


- — — . 


— 


1 
2 


Ty — —. 


104 1 Arithmetick. "Part Þ 


_ | 4A142,7 + 25349: 875 : + 2900, 25 7 18,145 625=iCTl. 2 5. 9d. Ic 


Then 20025 X0,0625-= 18, I4CEL 1 2 93 fur A 


ſufficient to to thew the whole Buſineſs of. Fellowlhi Se. 


for another, its called Bartering; 
Way of Dealing, lies in the duc proportio 11:g the Commodities 
to be exchanged; So, as that neicher Party ſutain Lols. 


with B. for Carton, worth 10 d. per IB. weight. How much Cote 
ton muſt B. give to A. for his Pepper. 


| Queltions of this Nature} ou any fi-ſt find, by the Rule of 
Three, (or otherwiſe } the true value of that Cimm: die wife quan- 

tity is given; (which in this Queition 1 Pepper.) And tien find 
how much of the ctl.er ee Wits 40unt bo that Sum, at the 


5 . value of the Pepper. 


Then if you Work by the common 7 ay; it will be 


for As part of the Gain; an! 10 on for the reit. 
But if you Work by be abet way. viz. by eg the * 


NR portional part of the Gain due to one Pound, 


Thus 414277 238 91875 822 1: 05625 
| | L 5 I 


And 472,53 X0 0625 =29,53125 =2 73 for B [ 
3825, 55 6 — 2 an A 
966, -X0,0625 60,375 = 69 , for D 1 


708. -X0,0525.= 44. 29375 = 44 «4 10 for E 
830,25 X0.2625 55 015925 =55 6: 4 3? for F 


The whole Gain = 258 , | 42 
Theſe few Examples being well underioo * are (l pretume) 


Seck. 3. of Larter! ing. 


* hen Merchants, or Tradeſmen, excha: nge one 188 
and the only difficulty in this 


2 


Dueſtion 1. Two Merchants, A. and B. Barter; A. would ex. 
change 5 C. 5 qrs. 14 Th of Pepper, which is worth 3 J. 10s per C. 


Note, In order to the Reſolving of this Queſtion, ( BY all ks er 


Rate propoſed. 
FPirſt 5C. 3 978. 1 oy En. 

And 2 105. 0 d 7 | 85 * | 
Then E240: * 5.875 © 20 36252 29 |. 1434 the true 
Next, it's eafie ro conceive, that A. ought. to have as much 

Cotton at 10 d. r bb. 2s will amount ro 204. 11s 3d. which 

my be thus rf 

| 106.5 . :: 26. 115. 345 4235 4. 555 f 
That 


Chap. 8. Mule of Fellowſhip, &. 10g 
Thar 1s, * 1 qr. 77 th. of Cotton. And fo much B muſt oive 
to A in exchange for his 5 C. 3 qr» 14 lb. of Pepper. 
Queſtion 2. Two Merchants A. and B. Barter thus, A. bath 
85 Tards of Broad Cloth worth 0 5. 2 d. per Tard, ready Money ; 
but in Barter be will have 11 f. per Yard. B hath Shallcon worth 
2 5. 1 d. per Tard ready Money; "Tis required to find how many 
Yards of the Shalloon B. mit give to A. for bis Chth, to make 
his Gain in the Barter equal to that of A's. 

The Method of reſolv ir g this, and the like Queſtions differs a 
little from the laſt Caſe; for in this you mult firſt find what 


tion to what A. bath done upon a Yard of his Cloth. 
%%% I EG 4 * «© 
Thos} „ 723. dy: : 3. Ganges; 


| the advanced Price for a Tard of B's Shalloon. Then pi 48 
) before 1n the laſt Example. 


Advance B. ought to make fer Tard u pon his Shalloon, in propor- oh 


Thus 1 Tard: 11s. :: 86 Yards : 946 7-=47 65. the ad 5 


vanced value of all the Cloth. 


ced Price, how mY Tards will 47 J. 6 5. buy. 


Fu Thus 2,5 : 1 :: 946 : 378,4 Tards. ; 

os bat i is, B. = give 373: Yards of his Shalbon to 4. for b bis 
36 Nurds of Broad Cloth. | 

=> Theſe two Examples are cient ro ew the Learner, that | 

2 te Method of Bartering, or exchanging Commodities for Comm: 


Next, If 25. 6d. will buy one Yard of Shalloon at its advan; 8 


oY dities, wholly depends upon a clear Underſtanding of the Co den T2 


Rale, which indeed i is to called, becaule of f irs Univerſal Ule. g ; 
eck. 4. Of Erchonging Coins. 


| Exchanging che Coins of one Country tor thoſe of another i is 
like the buſineſs of Bartering Commodities. Thar is, it conſiſts 
in finding what Sum of one Country Coin will be equal in va- 
lue ro any propoſed Sum of another Country Coin, And in order 
io perform that, it will be very Neceſſary to have a true 
Account at all times of the juſt values of thoſe Foreign Coins 
which are to be Excbanged, as they are com pared in value 
with our Engliſh Coin. | 


[ ſay, at all rimes, becauſe the Par of Packages (: as the Mere 5 


chants call it) differs almoſt every Day from London to otber 


nch Countries, That is, it riles and falls, according as Money is Plen- FE 


ty or Scarce; or according to the time allowed for payment ot 
tte Money in | Exchange, &c. 


hat : P Rs | | | Those 


- <4 


* - — — 
« — 5 


Ct. mane A Rix Doller of the Empire 


: 10 Italy | 5 5 The Naple Ducat Me 
Spain | 


_ ether Countries by Pence, vi. other Countries value their Crown!, 
Dollers, or Ducats, &c. by Engliſh Pence. Except with ſome 
Parts of the Lor Countries, wich whom the Exchange is in 
Pac; Sterling. e . 
Oueſt. 1. How many Dol lers at 4 4. 6 

bave tor 162 /. 187. 


T6 9P] ritt metick. Part l. 
Thoſe that defire to be fully ſatisfied in the Common values 
of Foreign Coins, Weights, Meaſures, &c. may find them in a 


Bock called the Merchants Map of Commerce, which for brevi. 
ties ſake I bave om 


few of Com. 


irred Tranſcribing, and only collected theſe 


. . 4. 


12 Deniers=1 Soi = o + ©. 
| 20 Seulz =I Lire go 168 
3 Leres=t Crown=| © 
Low⸗Country Coin. A Stiver=]: 
5 6 Stivers=1 Flemiſh Shilling 
220ð0 Fives Gilder go 
19 Gilder 33 Shillings, 4 __| 
or a Flemiſh Pound J$5© 8 
t Embden Deller 
N Campen Doller O 
3 Jealand Doller O 
© y Lyons Doller=|0 
O 
2 
©, 


HSpecie Doller 
Duccatoon 


d A Gilder of Neremberg=\ 0 

"al a ES 2 5 
5 The. Livre at Leohorn=] 0 
; | Florence Crown Courrant 
TDienice Ducat de Banco 
The Currant Ducat 


and 4 


The Barcelona Duca o 
Ihe Valentia Ducat 
Ihe Bergonia Ducat 
„„ The Portng al Teſtoon . 
TT The Piece of Eight=h|o + 4 - 


Note, The Enpliſh generally reckon their Exchange wit! 


0 
O 
0 
0 
0 
The Caaiʒ Ducato 
O 
O 
O 
0 


d. per Doller, may one 
Anſwer 724 Dollers 
eee e 


* 3 he | to have. 


Chap 8. Bule of Fellowſhip, &c. 107 
Thus 162 J. 18 5. 23 238 f. and 18 ,, 
Then 4,5 : 1 :: 3258 : 724 the Anſwer. 


ueſt. 2. How many Saragoſa Dacats of 55. 64. the Ducat 
may d be had tor 275 Bergonia Ducats, at 45. 4d. the Piece. | 


Anſwer 216 and 3% 8 over. 55 


Thus 5 54. 6 4. 6 d and 45. 4d=52d. 
"Then 275X52=14300 d.=275 Ducats. 
| Conſequently 66 ) 14309 Wu 162 r Anſwer requir'd, 


| Money far 1 Ducats at 45. 95 4 75 Duca. | How many. OY 
| Dicats muſt he have. 


= Anſwer 976 Ducats. | 
"Shs 45 94 4=57,5 4 and 4571 164. 8 d. 56120 d. 


Then 57.5 d.) 56 120 d. (975 the Anſwer required, 
| Duet. 4. A Caſhier bath Receired 759 Ducats, at 7 4. 6 4 


3 And 579 Dollers at 44. 8 d. per Doller: Which he 5d per 7 


Exchange for Flemiſh Marks at 14 7. 3 d. ”= Piece. 0 ma- 


1 4 589 Marks, and 154 orer, | 
For 75. . 6d=90 4, and 4 5, 8 d 36d. - 


Thea | 3 759 * 9 =68310d. the es of the Hrs, 
379 * 56 = 32424 d. rhe * of the ns. 


their Sum. =1007 34d. 


.: And Tys. 3 d. =171d. the Flemiſh Mek i in pence, 


| Conſequently 171) 100734 (589 Se. the Anſwer naval; ; 


Lueſt. 5. A Bill of Exchange was accepted at London for the 
Payment of 400 J. Sterling, for the like value delivered in im- 
ſterdam, at 11, 13s. Gd. for 11, Seerling. How much _ | 
Was 2— at . 


as os L Flemiſt, 
For 11.=240 d and 17 12 64=4024d. - 
Tuen 240: 402: 400: 670 The Anſwer required. 
Queſt. 6. When the Exchange from Antwerp to London is at 


1. 45. 7d. Flemiſh, for 1 J. Sterling : How many Pounds Ster- 


ling mult be paid at London ; to ballance 235 J. Flemiſh ar Ane- 
Anſw. 192 1. Ster linz. 


per 
"Thus 11 4 5: 74954 and 1 J. 240 d. 


Then 295 240 :3 236 : 192. The Anſwer 
TE of RW 


——— 3 Is — — 
be. ——— een EE DR TO Cs 
3 . > 


Er ² : DOT On een. pg. 


EW 


* 


= Arithmetic. Part I. 


5 puny of each ſort may he have for 399 1 13 


Muſt 1 have. 


5 D ann ES Be” 
_ — 8 2 


Queſt. 7. A Merchant delivered ar How 120 l. Sterling 10 


Receive 147 /. Flemiſh 1 in Amſterdam. How much was 1/. Cer: 


ling valued at, in Fd Money. 
„ a i L 4s: 6d. 


"Thus 120: 147: ; 240 d.! 4 294 d. I. 45. 6d. &c. 


Queſt. 8. A Factor hath ſold Goods ar Cadiz for 1468 piec's 
of Eight; valued at 45s. 63d. Sterling per piece. How mach 


| og Money do thole PR of Eight amount to. 


Anſw. 333 J. 71. 2 d. 
Thus, if 1834.5 4 then 1463X54,5=30006 d. &c. 


Dueſt. 9. A Traveller would have an equal Number of Crowrs 
at 5s. 6 d. per Crown; And Dollers at 4s. 5 d. per Picce How 


nw. 5s of nk. 
Thus 309-l. 8 4. 274236 d. 1 
| And, 6d+45. CESUIS 

Then 119) 74236 (624. dhe N JOOST Ye 


Deſt 1 10. Suppoſe I would Exchange 5271. 175. 6d. 1 
Doſlers at 4% 6d. a piece, Ducats at 5 5. 8 d. a piece, and 


Crowns at 6. 1 d. a piece. And would have 2 Dollers for 


I Ducat, and 3 Dollers for 2 Crowns. How many of each for 


Anſw. 927 Dollers, 4631 Ducats, and 6 18 Crowns. 
54d. l Doller. 7 Z 
* 68 d. = I Ducat- 3 FE Ee. 0 
2 73d. =1 Crown. 5 
| And 126690 d=527 1. 17 8 4. 


Far 


Now if the Crowns, Dellers, and Scars were to be acl 


5 Number; Then 73+54 +68 mutt have been the Diviſor, by 


which 125690 muit bave been Divided, and the | Quotient 
_ would have been ine Anſwer to the . Rueſtion. As 1 in | the lait 
Example. 
But here 1 ad of their Sum, ſuch Parts of hows at be ta- 
ken as are aſſigned or limited by the Queſtion; that hos the Nan: 


i ber of ſo ne one of them may be found. 


2 Ss for 1 ns: - 
And becauſe there muſt be 1 „ 


Therefore ir will be but 2 of 4 h. e for one bal and; 
of 2 Crown lor o ene Poller. 


(38 


Chap 8. © Rule of Feliowlvip, c. "oo 


"Conſequently, Fa +57: +20f 73 = 1362. Or will be 
the Diviſor to find the Number of  Dollers. _ e 
Thus 42*) 126690 (927 the Number of Dolters. 
Then + of 927 = 4633 is the Number of Ducats. 
And - + of 927 =613 1s the Number of Crowns. 


Or i you pleaſe you may form Diviſors to find either rhe Du: 
eats or Crowns firlt : For if it be 2 Dolters for I Ducat, and 3 OY 
Dellers for 2 Crowns. as before; 


Then will 6 * be tor 3 Ducars, and 6 | Dollrs for 4 1 


Crouns. 


Therefore, { ofa Duler Þ wil be for I Crown. 


Conſequently, 3 of 54 : + 3 3 of 68: Wa 106 wube de 
Diviſor to find che Crowns =o, Oe. | 


Queſt. It. A Caſhier is to Receive rool. He is offered 
Crowns at G5. 13 d. per Crown, which are worth but 6s. Or he 
wy tave Dollers at 4.5. 5 d. the piece, which are worth but 4 5. 


42 Which of thele ſhall he receive to have the Rm Loss? | 


And how much will he loſe in the Payment : g 


1 Crown=72 d. 
1 4 4 — 4. 1 m— to the true = vals 


| + 3.5 1 Crown 355 d. 


1 Doller =53 d. the advabced Values. : = 
” Mia ro find which will Wu the leaſt Loſs; find what the ad- 


vanced Value of a Voller ought to be 1 in proportion to that of T : 
A 


Thus 72: 73 :: $2: 53.22 &c. But he may [have Dallers 
at 53 d. per piece, therefore the b | in Dol lers will be the | 
lealt Lols; -wi7- 53s leſs than 33, 2. &. 0 
+ Nexr, to find what the whole Lok will be, Divide 3 4. 5 
e . by 52. and by 53. * ditierence of their Vutieues | 
will be the Lots. | 
Thas 62) 12000 0 { 230779 =» And 63) 122095 516586 5 


Thea Sant WER 13% Dollers at 4 44 are the 
Laſs ; viz. 9 J. 81. 19342 dl. 


There are other ways of Anl. work the e af Queſt, but = | 
| take ro be the eat. | 


Queſt. 12. Suppoſe! 8 41. tos. 1 4 for 11 "INES 
and 7 Dallers ; F And 3 anctger Lune 1 have 4 Crowns and. 3 
2 ao 325 . Dualer: 


110 3 8 Arithmetick. 55 "Fart 


Dollers for 11. 195. each being of the ſame Value with th the 


firſt. What is the Value of a Crown, and of a Poller? 
Firſt 11 Crowns+7 Dollers = 10999. 3 5 
Second 4 Crowns 3 Dollers = 420 d. '$ by the Queſtion 
Then in order to find the Value of 1 Crown, you muſt eaſt of 


PE the Dollers by making them of the ſame Number; Thus, 


33 Crowns ＋ 21 Dollers = 3270 d. the firſt Multipl. with 3. 
28 Crowns ＋ 21 Dollers = 2940 d. the ſecond Mul. with 5 


Then 5 Crowns = 330 d. being their Difference. 


Conſequently 5) 330 (66= 55 6 4. is the Value. * I can. 
And 4 Crowns = 264 d. 


Then will 3 Dollers 20 d. — 264 d. =156 d. 


_ Conſequently 3) 156 (52 4. =4*. 4d the Value of I Dil 


1 
| 


CHAF IX: 
05 Zligation 


Wir TR it is is required to mix ſer 101 Gees of Ingredients te: 


gether ; As different forts of Corn, Wines, Well, Spices, 


or Metals; or to compole Medicines, &c. the Method of propor- 
tioning ſuch Mixtures, is called the Nile of Alligation. And is Divi- 
ded i into two Paris or Branches; called Pedial and Alternate. 


Sek. 1. Of Aliigation Pedial, 
- Mligation Medial, is that by which the Mean Rate or c Price of 


any Mixture is found, when the particular Quantities of the 
Mirtures and their Rates are given: And is thus perform'd. 


Firſt find the Sum of all the Quanrines propoſed to be mix'd; 


| And allo the Sum of all their particular Rates. 


| Then the Proportion will be. 
t the Sum of all the Duantities * Is to the Sum of 
Kale. 5 all their Rates 852 80 5 1 any part of the Mixture: 
To the Mean Rate or Price of that part. 1 


 Dueſt. 1 1. © nals 15 Buſhels of Neat at 5 s. the Buſhel, _ 


e 2 Bujpels of e at 35. 6 a. the 3 were mix d 8 5 
hat 


2 


1 


Chap. 9. f Alligation, & 111 
Whar is the Mean Rate or Price, it may be 010 for a Buſhel, 
without Lols or Gain. 


This Queſtion prepared as Directed above will ſtand, 
15 Buſhels of Wheat at 5 5. per Buſkel, comes to 900 71 | 
wot 12 . of Rye at 3s. 6d. each, comes to Il d· 
= their Sum. And their Total Value =1404 1404 d. 


Then 2 8 EN : 14044. : 18 1 Buſhel : 8 4 d. the 
Anſwer required. | 


* 


Deſt. 2. A Grocer Mixerh 36 |; of 1 wank 14.60 
In. 2 \ Pound, With 12 Ib. of another fort at 25. a th. And 12 ib. of 


2 third ſort at 15. 10 d. the aud. How may he ſell the Mix- 
ture Fe: Pound? 


for 1 a. | | | 

: 3% * 1 67 | 648 4 

Fig © $2. - at 8 en db. Amonns to 3 288 4. 

„ 12 K 1 10 9 264 d. 
N e 3 of ts, their Value — 1200 d. 


"Then 60 th. : i200 d. . 1 it, 2 20 4. = 15. 84 the a : 
ſer requred. | = _ 8 


d S. 5 4 — Mixeth 31 q Gallon af Males Sack worth . 
e 7: 64. the Gal!on ; with 18 Gatlons of Canary at 65. 9d, the 
en G Galen > 132 Gallons of Sherry at 5 5. the Gallon, And 27 Gal- 
or- lons of Vinte Mine at 45.3 d. the Gallon. Its required 10 find | 


1 · what one Gallon of this Mixture 1 15 worth. _ 

e. gn or EY Pence. 

5 | ( 315 7 6 ”” 5225 | 

: 18 at S. 25 1458 

I 8 ies. ber Gallon comes ; to 20 

the e a 171 

2 | ; g9c==the —__ of Gal. Their Value — Cao er 

d, Then go: 6490 :: 1: 71 d. 256. | the _ or Price of 
one © Lallon, as was required, | 

fi. The Prof of all 8 in theſe forr of Mixtures, is Jens 


ve: by comparing the Value of all the Mixture, being told at the 
Mean Rate; with the Total Value of all the particular Quan- 


ities, aks they had been ſold at their reſpective Rates un- 
and mix4 ik thole Sum; are equal the Work i is true, 


Seck, 


I . nth 
Sea. 2. Ok Alligation Alternate. 
Alligat ion Alternate, is that by which the particular Quantities 
of every Ingredient concern'd in any Mzxture are found; when 
the particular Rates of every one of thole Ingredients, and the 
| Mean Rate are given; being (as it were) the Converſe to Ali. 
gation Medial; as will appear by the * Operations, Which 
. admits of three Caſes. 
Caſe I. The Particular Rates of any Ingredients propoſed to 
be mixed, and the Mean Rate of the whole Mixture being given, 
Jo find how much of each Ingredient is requiſite to compoſe 
the Mixture; when the whole quantity, or wy. part thereof is 


„ Limited. 


N the Mean Rate, by infpection only 


1 wal as truly Anſwer the & 2 n 


Queſt. 1 How a 177 eat at 5 5. 1 Bſbel a Ry em 
38. 6 d. the Buſhbel, will compoſe a Mixture chat may be oF 
for 45. 4 4. the Buſnel? 

| © Note, In all Queſtions of this Naive, it + will be convenient ty 
- place the Mean Rate Jo, as that it may be eaſily compared with tle 
Particular Rates, in order to find every one of their eos 


Neat 60 4 
Thus, the Mean Rate = 52 d. The "ad. 

8 | Then take the ſeveral D:fferences between the Mean Rate, and th . 
5 particular Rates ; Setting down th ofe Differences Alternately, and 
5 yy * be the 8 29 required | e 

12 5 e 

1 8866 n 
That is $2 —42 = 12 fon the quantity of Tueat. 
And 60 — 52 2 8 for. the quan; ity of Eh that wil 

compole the Mixture required. 


Thus 52 


| The Proof by Allization Me: tual. 


10 Buſhels of Treat at God. per Buſſe: DR” Is 
: Add TH 8 Buſhels of We at 42 d. 5 2 8 gl = 336 d. 


| "= Tho N umber of 255 2936 d. 
Then 13: 936 +: 221 2 62 f. 44 the Mean "RE 


EY Note, Alrho' 10 and 8 do Anſwer 05 Queſticn, as plainly ; ap- 
Pers by the Proof; yet they are not the only two Number: ; 
for this Queſtion, and all others of this kind, will admit of va. 
rious Anſwers, —_ all in whole Numbers; for any two Numbers 
that are in the lame Proportion tu one another, © as 10 is to 8, 


a Fiz. 


Will 


| Mean Rate 1 23 > s 


Tour things order; Two of them having thelr * Gees, 
| | | And | 


Fs 10:8 3 0 "iS &c. n | 


I7 £20 


"Ore. 2 2, A Grocer would mix three ſorts of Tobacco rogerher; 5 
viz Ore lort ot 18 d. per Ib. another Sort of 22 d. per th. and a 
20 Sort of 25. the ß. How much of each t muſt he 


take, chat the whole Mixture may be ſold for 20 d. the Pound. 


Having [ct down the given Rates, as before: Then find ach = 


of their Differences from the propoſed Mean . And place 
thole Differences Alternately. Thus, | ; 


2=20—18 - 
24 2220—18 


18 {5 Eee Wy | 2220 
1 Differences, vir. " —— are the Quantities * 


quires. 

$ 6-1t. of Tobacco at 34 per * comes to. 103; TS 
| Proof 2 ih- at 22 d. the Pound comes to = 205 d. 

| wt 2 216. at 24 d. the Pound comes 3 | 48 


8 10=the Ni umber of BS. Their valet: 
T ben 10) 200. C20 the Mean Rate. 


0 165 any three Numbers that have the ſame Ratio to one 
another as 6 8 2 : have, w ill Auer) the E. | 


. 3 [ 
„„ 


1 


That 1s. 6: 2: 


Bar if only one of he three given Rates had bers —— . 
than the Mean Rute; As ſuppole 14 d. per th. 18 d. per th. and 
24d. per b. And the Mean Rate 20 d. as before. * weir 


differences malt have been placed, 


3 * fo 
Thus 3 EY To. As before. 


Oueſt. 3. A Vintner would ke 2 Mixture of Malaga worth 
74. 0d. per Gallon, with Canary at 6 5. 9 d. per Gallon, Sherry ac 


55, per Gallon, and Foite Wine at 45. 3 d. per Gallon; What 


quamity of each ſort muſt he take, chat the Mixture _y be . 


lold for 6 3. a Gallon. _ 
In all ueſtions of this kind, wherein i it is required to mix 


"= 7 Im". 


5 r a 
" — . Am — — . — 
& . I — — 
n , 


—— — - - - — 


— — — — lſ1 U R — — 


Then | 


= MI h = rk 


and Two IX; . the M:an Rete; you mult always Allizate 


or Compare a Greater and Leſſer Price with the Mean Price, let- 


_ ting down their Differences Alternate! 5 as in the 2 Exam 
8 of this ect. - 


Ce 90 d. Fat 


1 Mpite 51 4 ah 5 
Thus, Mean Karge 4 Sherry 6d d. 1 e 


Canary 8; 4. . 265 


7 Hence 21 Galle of Malare 12 of Canary, 9 of Sherry, and 12 
| of dite will compoſe che NM. xtare required. e 


„ Malaga 5c d. 51 4 e f N 
Sherry 60 18 Sherry 7 
Or thus 73 1 81 d. 21 Canary 8 ere. 
White 51 d. 13 Maite 


| Either of theſe Mixture, equally Aniſmer rhe Queen, v ih | 
may be cafily try d as betore i in the Lijt, We. 


| Caſe Il The Paticulis Rates of all the. ; RENT” ents propoſed 


to be mixd, the Mean Rate of the whole Mix: ure, and any 
one of the quantiies to be mi d being given. Thence ro find 
| how much of every one of the other Ingredienes is We 10 
compoſe the Mixture. 


Note, This is aluatly cated Allication Partial. 


. 2 How much Meat Fo 51. the Biſhel muſt be W 
with 12 Buſhel; of Rye at 35. 1 Buſhel : That the whole 


Mixture may be ſolu for 45. = the Bufhel. 


In this Caſe you mult ſet down all the Particular Rates, TY 
the Mean Rite, and find. their Ditl-re..ces juit as betore; with- 


out 2117 regard had to the _"_ wity ziven. 


Thus, Mem Rate 52 d. 1 Oy - © 7 Fs 


As the uanti ty IN by the fe F the [one 
Name with the Quantit;' given: Is to the Duantity 


( Differences : To the quantity of its AN ame. 


5 Tbm 8 12 :: 10: 15, the 2 or Number of Buſt! | 
of heat required. 4 


| Queſt 5. How 3 Mane at 7 s. 6 4. the Gallen, Sherry at 


33. the Gallen and White Vine at 45. 3d. the Gallon mutt be 

mix'd with 18 Gallons of Canary ac 65. gd. the Gallun: That 

the whele Ni- ture may be lolo ter 6s, tac Gallon, bo 1 
The 


given : & 15 any of thr other Quantities found by tht 


Chap. 9. of Aligation, 1 


| Mixture . 


Or Thus 72 < 


2 — 


—— — a 


The Terms bein ſer down, Sc. as bikes: will fraud 
Malaga 90 d. . 
White 51 d. 4 


Sherry 60 d. 1 
OP 81 4 17 2 
: 31+ Gallons of apa 


Ihe, Mean Rate 72 4. 


= Then, As 12 18 9 18: 27 Gallons of White 


g'': I 35 Gallons of Sherry 
Thar is, 312 Gallons of Malaga, 27 of White Wine, and 13+ 
of <herry, being mix d with 18 Gallows of Canay, will make th the | 


140g oY 2% 
Sherry 60 1 18 


Canary 819 i 3 
>» White 51 > 9 1 
8 iz: 10:5 The Maiare © E 
Then, As 21 : 18 2 18:15 The Sherry I &c. 
285 e WW; F<> The Li/vate Nine 
Gutlons, | Es, Pence. 
25 il 1025 at Hd cache r 
r . ee, 


£ at 51 d. ede 3 þ = 
8 14 81 d. eac/ . 


5 


. 512 | Value 3702+: | 
Then 5152) 3702 22 72 d 8. + M: can Rate. 
 Thrrefore the quantities are as woly aligned here, as in the | 
Cafe til. The Particular 3 ey” all the e bebe 5 


0 i mix'd; an the Sam of all their Quantines, with the Mean 


Rare of chat Sum being given ; To find the parricular quantities 5 
ot the Mixture. | 


This is called Allication Total, ad] is thas verform! 4. Set 


down all the Particular Rates, with the Mean Rite, and find their 


Dittcrences, as betore : Add together all rhe Differences i into 


one Sum; 5 
e 5 4 the Sum of all the Differences: Ts to the "Io of all 
: Then 


the quantities given : So Fs 7 particu ar Diſfe- : 
rence : To its particular quantity. | 


Deſt. 6, Let it be required to mix peat at 55. the Buſpet, 


| with Rye at 35. 6d. the Buſhe! ; So as that the whole quantity 


may be 27 Buſhels, to be Sold for 45. 4d. a Buſhel. Mhat quan- 
rity of each malt be taken to make up the Mixture ? 5 
8 Mean 


4 — = e 5 - 5 
\ » — * — = _ 
- w . a * — — — 2 * 
— ——— — — 8 


9 * 
2 — 
6 z w - — 


„ The $5 


11 5 ; = n Aruhmetick. IJ : Part l. 


Wheat 60d. x 5 * 
Ae, nt 52 Re 42d. 11 


| 18: — — their Sun. 
Then 18: 27: +} The quantities required. 


| Oueſtion 7. "EY it were 3 to mix Malaga at 7 
6 d. 1. the Gallon, wirh Canary at 65.94. the Gallon; Sherry at 5 5, 


the Gallon ; And White Mine at 45. 3 d. the Gallon: So as that 
the whole Mixture may be 90 Gallons ; to be fold For 65. the 
3 How much of each lort will IE that NIA 1 


1 CMalaga 90 0 21 
2 3 White 5151 18 | 
_— N : Canary Slog 9. 

| | * Sherry o ; *. 1 


| 6 O= their Stam | 
5 90-:: * 31s The Gallons of Mula7a. 
00: Ln, 2 2 7 The Gallons of Nite W 
90 :: 9 : 13s The Gallons of Sherry. 
: "90-3: 12 1 The Gallons of Cana). | | 
20 | Malaga oo 21 3 ESR: 
3 Sherry 60 | 
{ YCanary 81 1 

Dn White 51 uYf 
Z | | "Ges 1 "In 185 

0: 90 15 12: 18 Gallons of Malaga 
Q 90's: 18 : 27 Gallons of Sherry 
.. SO 2 11 yo 312 Gallons of Canary 
| : 90 : 9 5; 132 Gallons of Wiite Wine 
Faber of So ways do ly Anſwer the Queſtion, 4s may 


4 easily tried by Alligation Medial. As before, Oe. 


Note, The Fark, of theſe Progartions may. be much ſhortened 


: c eſpecially when there are many Ingredients to be mid) if you ol- 
„„ ſerve the ſame Met; 0d 4s Was Pops piled i in the Rule of Elio tip, 
- P ge 99, Oe. 0 


1 have made ule of the very Gay E cu lice i in | this 
bn Medial, and Alternate, throughout the 3 Cafe: ; being, 
as preſume, much better than if they had been ditferent 
ones; becauſe the Learner may (if he conſider a little on 
them) cally perceive, not ouly dhe diference between ihe 

two 


k «„ www — 89992 — 


— 


n 


Chap. 10. Of Metals. G2ovities, &c. 117 
: -wo Rules, but alſo wherein the chief difference of each Caſe 
| in the Alternate Rule depends, &c. Nor but that I could have 
inferted many various Examples, as allo the manner of compo- 
ting Medicines, Sc. which for brevity's lake I have omitted, 
and refer thoſe that deiire to ſee into that buſineſs to Sir Jona 
Myre's Arithmetich, wherein be will find it largely handed. 
| And fo I thall conclude with A//iyation Alternate, which altho' 
& it gives true Anſwers to Queſtions of that kind, with ſome little 
variety, according as the Ingredients are more or lels in Num- 
it ber; As appears by the foregoing Examples. Yer it will not 
ne give all the Anſwers as {uch Queſtions are cap1ble of, nor perhaps” 
doe which ſuit beit with rac preſent occaſion : Nor can this 
| Imperfection be remedied by common Arithmetich ; but by an 
Alzebraick way ot Arguing it may; whereby all the poſſible 
Anſwers to any Queſtion may be clearly and eaſily diſcovered; as 
ſail be ſhew'd further on in the Second Parr. 


. „ e 
J Yetals and their Spctifick Gravities, &c. 
eck. 1. Of Oolb and über. 


Ure Gold, free from Mixture ct other Metals, uſually cal- 
* led Fine Gold, is of ſuch a Nature and Parity that it will 
en'ure the Fire without waſting; although it were kept con- 
5 t nually Metted : And therefore ſome of the Ancient Philoſo- 
may uf have lup poled the Sun to be A Globe ot Liqaid or Melted | 
| | Silver having not the Purity of Gold, will not indure the Fire 
ned ! like it; Let Eine Silver will wait but a very little by being in 
oj. te Fire any realonable time; whereas Copper, Tin, Lead, Ge. 
ſkip wil not only walt, but may be calcin d or burnt to a Powder. 
' Both Gold and Silver in their Purity, are fo very Flexible or 
: ſoſt (like new Lead, Sc.) that they are not ſo uleful either in 
Ha- Cain, or otherwiſe (except to Beat into Leaf Gold, or Silver) as 
210g, when they are allayd, or mix d and harden'd with Copper or 
Braſs, And altho* moſt places differ more or leſs in the Quantiey 
2 on ck ſuch Aiay, yet in England it is generally agreed on, that, 


Arithmetick. Part, 


Standard for Gold. 


22 Carradts of Fine Gold, and 2 Carradts of Copper, being | 


Mielted together ſhall be eſteemed the true Standard for Gold 


Coin, &c. The French and Spaniſh Gold being very near of the ſame | 


Standard. 1 35 = | 
IIdat is, if any quantity or weight of Fine Gold, be divided 
into tu enty four equal Parts, and 22 of thoſe Parts be mix'd 
with 2 of the like Parts of Copper; that Mixture is called 
Whence you may obſerve, that a Carra# is not any certain 
quantity or weight, but +5 part of any quanti'y or weight; and 
the Minters and Goldſmiths divide it into 4 equal Parts, Which 
they call Grains of a Carract; allo they ſubdivide one of thole 
Grains into Quarters, Halves, cc. „%% 


Een T 
Eleven Ounces and Two- penny Miigbt of fine Silver, and Eigl- 


teen Penny Weight of Copper being melted together, is eſteem d 
_ the true Standard for Silver Coin; called Sterling Silver. And ſo 


in Proportion for a greater or leſſer quantity; which is a leſs Pro- 


portion of Allay for Silver, than the other 1s for Gold. 
Norte, When either Silver or Gold, is finer than Standard, it's 
called better, if courſer it's called warſe, and tha: berterne.s, or 


wWworſenels, is reckoned by Carracts and Grains of 3 Carract in 
Sl; And by Penny Weights in Silver, and is thus dilcovered: 


The Goldſmiths, or Refiners, &c. do rake a {mall quantity of ſuch 


Cold as they intend to I'ry (which they call making an Aſ9) 


and weigh it very exatly, then they put it into a Crucible, and 

melt it in a ſtrong Fire, ſo long that if there be any Copper, or 
other Allay mixt with ir, that Allay may de conſum'd or burnt 

away: When it's cold they weigh it very exact y again, and if 
it have loſt nothing of its firſt Weight, they conclude it is fin? 


Gold, but it the Loſs be +4 Part, they call it 23 Carracts Ene, or 


one Carratt better than Standard: If it tave loſt 24 Parts, its 

22 Carats fine, or Standard: If 24 Parts, it's ſaid to be 21 

Carracts fine, or rather one Carract worſe than Standard, and i 
in Proportion as it happens to be better, or warſe. 

In the ſame manner they make their Aſſay on Silver, only they 
compute irs Lois by Penny weights, ee. 

The Author of the Preſent State of England, mention d betore 

—- r 475 i: e Tbat 


2 11 


| | 
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| «© That the Engliſh Coin may not want neither the Purity nor 


* Weight required, it is molt wilely and carefully provided, 
that once every Year the chief Officers of the Mine appear 


before the Lords of the Council in the Srar- Chamber at M eſt- 


© minſter, with ſome pieces of all ſorts of Moneys Coined the 
* foregoing Year, taken at adventure out of the Mint, and kept 
© under ſeveral Locks, by ſeveral Perſons, till that appearance, 
and then by a Jury of 24 able Goldſmiths, in the preſence of 
* the ſaid Lords, every piece is mult exactly Weighed and 


'£L Aſſay d. 8 | 5 


This if it were conſtantly practiſed would keep our Coin to 5 
is true Standard, Se. %% 3» 
Many pretty Queſtions may be ſtarred concerning the Fineneſs 


| of Gold and Silver, &c. 


F „ 


If an Ingot of Silver weighing 787 c. 14 pwt. 6 gra. Be 
11 07. 6 Penny weighe fine: How much fine Silver is there in it, 
and what amounts it to, at 54. 11d. the Ounce? 
"This Ingo is better than Standard by 4 pt. For 11 oz. 2 pw. 
2 222 pe. the fine Silver in 1207. ot Standard. Bur 11 oz. 
6 pot, = 226 pwr. the fine Silver in 12 oz. according to the Que- 
m=_ oe ep ro ers . 
Firſt 787 o. 14 pwt. 6 Grains 378 102 Grains. 


And 12 04+ g e. : 


| Then AS 24: 226 :: 378102: 38C0 62 741 K. 1 


pot. 6 '> Grains ; the fine Silver in that Inge. 
Which at 55. 13d. the Ounce, amounts to 190 J. Is. 6d.” 
and near 2 half penn). | %% 


1 Example 2. | 
If an Ingot of Gold weighing 115 oz. 13 pwt- 13 Grains . 


Be z of a Grain worie than Standard: How much Standard Gol4 
is there in it, and what comes it to at 34. 113. an Ounce ? 


Firſt 115 oz. 13 pwt. 18 gra. =55530 Grains Troy. 
Then 24) 55530 (2313,75 =a Carract of that quantity. 

And 4) 2313,75 (573,4375=a Grain of that Carrack. 

Conſequently 4) 578,4375 (144,609375 = 5 of a Grain. 
Again, 2313,75 K 22 2 39902, ought to be the fine Gold 
u tbat Jngoe, if it had been Standard, © | 


= 


But 


120 = "Arithmetick. "Pant 


Jud we 5144370935 = £52757 890625 is che Juantit 
of fine Gold accord ng to he © Den > 

Therefore 300 ;: 50757 $50525 2. $5530 2553722 244 &. 
Grains=115 oz. © pe 4.244 Ke. Grains Troy, being the quan: 


1 of Ye ad Gold in that Inget. As was required. - 


Next for the Value of ir, ac 31. 11%. per Ounce; 1 0 = 
 Crains. And 3 “/. 11. = 71s | 
Conſequently: 480: 71 :: 55372,244 &c. : $190,475 77 &c. 
2400 J. 10. 544. very near; being the Value of that * 
As was required. 
Or the Jait Queſtion may be otherwiſe wrought thas; 115 07x. 
13 pat. 13 Grains = | 15,6375 And: vf a Grain, of 4 c 
is r (vi. the 2 Uf; = 
Ds ben antes, 19375. 5 FT 
| Conſequently 22 : 21 9375 * 115,675 : 15. 578842 &e. 
=T15 0z. pwe. 3 Grains, &c. As betore. 
"News| for the Value, As 1 : 3.352115 358342 : 499.53 233 
. los. 57 4 very near. As betote. A EL | 


Se 2 . The Specifick Sravity of Petals, Kc. 


I take an enquiry made about the different Gravities or Weight; 


_ "7 Metals and other Bodies, to be (not oaly a work of Curioſi. 


ty, bur aiſo) of very good uſe upon many Occaſions. There. 
fore ſeveral Authors have given us ſuch Proportzons, or difference 
of their Neights, as they are ſaid to have one to another 3 ſup. 
poſing every one of them to be of the lame Myer or * 
. of which I ſhall here inlert. = 1 


. Henry Van Etten, in bis 8 1 Te" 


4 * ms 1633 ſeis down the Proportion of their Nights. Thus; 


Gold 1 
; Tin 759 . Water 109. 


ö Thus ; ; 


Gold 1875 Quickſ ver 1500 . Lead 1163 Silver 1040 . 
| Copper 910. Iron 806 . Tin 750 . Honey 159 . Water 100. 
Oy! 9o, Theſe feem ro be taken from thole of Van Erten's, 


with lome Additions only. 


3. The Ingenious Mr. Ougbered, in his Circles of Proportions, 
Printed Anno 1660, hath their Proportions according to the Ex- 

periments of one Minu Gberaldi, i in his Tract called Archime- 

des Promotus. Thus; | 

Sold 3990 . Duickflver 2850 "Lond 2415 . Silver 2179- 
Braſs 1893, hon 1650 « Tin 1554 CC 


75 - Lead 116; . Silver 1049 , Copper 910 Iron $10, 


2. One 4 fed in bis Encxclopwdia, Printed 1649, bach them 


a&@ =& 1 8 a 


Chap ro. Of Metals, Graviries, &. 121 
4. In the Philoſophical Tran a tions, (Number 169 and 199). 
there is an account of a great many Experiments of chis kind; 
ſrom whence 1 collected theſe following. Viz. Gold 18388 
Mercury 14919 + Lead 11345 . Silver 11087 . Copper 8843. 
Hammer d Braſs $349 . Caſt Braſs $100. . Steel 7852 . Iron 


7643 . Tin 7321 . Pump-water icoo . Theſe laſt Proportiors - 


being approved of and publith:d by Order of tae Royal Soci- 
ety ſeem to be unquettionab'y true: Nevertheleis, becauſe they 

difer ſo much frum the betore mention d (and thoſe from one 
another) 1 have for my own ſatis faction made leveral Experi- 
ments ol that kind: And have ( I preſume) obtained the Pro- 
portions of Fight that one body bears to another, of the ſame 
Bulk or Magnitude, as nicely as the Nature of ſuch matter, 
as may be contracted or brought into a leſſer body (vis. either 
by Drying, Hammeriig, or other wife) will admit of; which 
ate as fullowerh. © „5 5 


* 


— Troy || ere Aver 


; Fine Gold is | 19,359273=11,365602 
I Standard Gold. 9.962625 = 109304222 
Miel Silber, Sai = 3,401753] - 
IL, 5.84010 = 65538851 
L I Fine Silver, 3.850035 =" 6.418324] - 
7 | Standard Silver, | 53359769 = 6,0965695] 
On Roſe Copper, 14 47471 3 5.208269 7 
95 | Flate Braſs, | 4,494273= 832116 . 
| I Caſt Bris, |} 42724%98= 4, 30300 
Set,  _ | 4142127="45544505[-- 
I Common Iron, 45031361 = 4.422979 
e , 3861519 4226638 
e Fine Marble, | 1429411= 1.568859 


Common Glaſs, | 1,5560841 1.493037 
Alabaſter, | 2:9884356= 1,034477| 
Dry 1 05962083 1,0955542 
Dry Box-wood, | 93343232 = 0,596057 
Sea Water, | 2542742 = 9,594894] 
1 5458 = 87 
Red Nine, 5.523766 = 0,5746464 
Ka, Y 80268 = e, , 
I Sound dry G, o, 489008 = , 536569 : 

| Lint-ſeed Ol, | 2,491591 = 9,5323455 
iL Of Olive, —|_2:481569= 9,2879 


A Cubick Inch of 


— ted 


„ — 7 


— 


In this Table you have the Specifick Gravity or Weight of 2 
Cuvick Inch, of various lor's of Bodies, both in Troy Ounces and 
Averdupos Ounces, and Decimal Parts of an Ounce, which I can 

alluce you required more Charge, Care and Trouble, to find 
out nicely, than 1 was at firtt aware of. 

Now from hence it will be eaſie to determine the eight of 

5 any propoſed Quantity, of the ſame matter or kind with thoſe 


in the Table; its Solid Content being given in Cubick Inches. . 
For it is plain, that if the Number of Cubick Inches containd q 
in any given Quantity, be Multiplied with the Tabular Weight 
of one Inch (of the fame kind of matter) the Product will be the i 
Weight of that Quantity in Ounces, &c, e 
Bs 5 „ Example. F 
8 | Suppole it were required to find the Night of a piece of g 
| Marble, containing three Solid Feet, and 49 Cubick Inckes, : 
- PFirſt 17 28 * 25184 the Cubick Inches in 3 Solid Feet. 5 i 
And 5184 +40=5224 the Number of Cubick Inches in the 
EE EE DD / 
| Then $224X1 4290411274 66624 Ornces Troy. 


The Neighe of that piece of Marble, in Ounces, &c. which 
zs eaſily brought into Pounds, &c. The like for any of the reſt. 
be converſe of this Work is as eaſie; viz. if the Meigbt of ! 
any propoſed Quantity be given, thence to find the Sid Con- 
tent of that Quantity in Cubic Inches, &c. Thus, Divide the 
given Weight of the Propoſed Quantity (ie being firſt Reduced 
into Oumces, &c.) by the Tubular Height of one Inch (of the ſame 
Lind of Matter) and the Quotient will be the Number of Cubick 
Inches con:ained in that Quantity. 1 . 


VNVoSse. If you would find what Leight any Quantity of thoſe 
 Podies mentioned in the Table will bave, when it is immerſed 
dr put into Water, you mult Subſtratt the Weight of an equa] 
___ Quantity of Water (with that of the Body) from the FWeight 
of the propoſed Body (if it be heavier than Water) and there 
will Remainthe Fright required. As for Inſtance, — 

-. A Cabech Tuned ee nit 
A Cubic Inch of N ater g 542742 7 Ounces Troy, &c. | 


dei difference is, =5,441263 the Weight of a Cubick 
Lech of Lead in the Water, ce. 


a 


of 


Chap, 1 1. 


Of Ertracting Rote, &c. 123 
Evolution. or Extra ing the Roots out of all Sincle Power 8 | 


y one General Method. 
EV lassen is the Unravelling, or as it were the Unfolding ani 


Reſolving any propoſed Power or Number, into the lam? parts 


of which it was compoſed, or ſuppoſed to be made up. Now 
in order to perform that, it will be convenient to Confider how | 
thoſe Powers are Compoſed, Sc. ; od 
A Square Number is that which is equally equal; Or which is 
contained under two equal Numbers. Euclid 5. Def. 18. 8 
Thus the Square Number ꝗ is compaled of the wo equa! Num. 
bers 2 and 2+ M. iN 33 
Or the Square Number ꝗ is compoſed of the two equal Numbers 
3 and 3. dN 3XJ=3+ According „„ 5 
Ibat is, if any Number be Multiplied into it ſelf; that Product 
is called a Square Number. i 5 
A Cube is chat Number, which is equally equally Equal, or which 
is comained under three equal Numbers Eu 7. Df--19. 


- 


Thus the Cube Number & is compoted of the three equal Num- 
bers 2 and 2 and 2. viz. 2X2X2=$, Ac, „„ 
I bat is if any Number be Multiplied into it ſelf, ant tat 
Product be Multiplied with the ſame Number - the ſecoui Produt? 
is called a Cube Number. Eg wn 

Theſe Two, viz, the Square, and Cube Numbers borrow their 
Names From Geemetrical Extenſi:ns or Figures; as from the thrce 
Signal Duantities mentioned in m—__ 

That is, a Roct is repreſenred by 2 Line er Dide, having but 
one Dimenſian, vi7 that of 7; 

The Square is à Plain or Figure of Two Dimes nt, having 
Equal Length and Bꝛeadth. The Cube is 2 Solid Body of Three + 
Dimenſions; having Equal Length, 1Bzadth, and Thyicinets : 
But beyond theſe Three, Nature procezils not, as to Local Her- 
tenſun That is, the Nature of Place or Space, almits no room 
for other ways ot Exterſjon, than Length, Breadth an i Tir 
neſs. Neither is it potfibte to form, or com>ole any F;:ue or 
eb nd Eo rm ED 

And therefore all the Superior Powers above the Cube or Tird 
Power ; AS the Biquadrat or Fourth: Power, the Surſelid or Ejib - 
Power, &c. are beit explain'd and underſtood by a Rank Ot S -- 
nes of Numbers in Geometrical Proport ien. % ns 

V 3 „ 

: Suppole any Ran; of Geometrie il Proport anale, who's Ti 
m and Rio are the fame; And to tiem 1:t ter e 


dow 


124 _ t wetick. part þ 


— 


Aligned Ja Series of Numbers in A- -ithmetical Progreſſion, begin- 
ning with au Unit or I, whole common aitference 15 allo 1. as 
in Page 79. | 1 
1 0 Indices. 
1 >: 8 1 32 64 . 128 Sc. un = 
Then are thoſe Numbers in = produced by a con: inc ed Mul: 
plication of the Firſt Term or Root into it Self; And tholein 


| : Arithmetical Progreſſion or Indices, do ſhew What Le >2ree or 
Power each Term ui tne Geometrical Proportion gs 


For Example; In this Series of = 2 18 both rae BY Term or 
; Rout and common Ratio of the Series. 

Then 2X2=4 the Second Term or Square. 

And 2X2X2=8 Or 42 = the Cube Or Third Term. 


Again 2X2X2X2=16 Or 8X2=16 the * Fourth Term or Bj. 
quadrat. And ſo on for the reſt. | 


Note, This i, called Invalution, 515 Nen any Number 5 
drawn into it ſelf, and afterwards into thit Product, Se. its ſaid 
to be fo often involved into it ſelf; And the Indices are the Expo- 
nents of ther reſpective Powers ſo involved. | 

And according to theſe Invoiutions, is formed he 1 
Tab! e of Powers; ; wherein the wan; 18 only one : Single Figure. 


| R 


„ = = 48 >=... es 1... . 3 
1 77777 WR, ts > -1 8 
3 = We 3 2 „ 
2:3 4-4 = 88 . 8 2 = > 
B14 312 [e333 ĩ | $a S510 
"a . #4423, MK S =? 2 
FEES ROSIE ie =. 4:39 
Bo. | * — 188 1 3 22 . 
2 = FOE LCoS. V 8 2 2282 5 *% FR 3 
YE & > JS 2 318 SRI wv]. 2.8 I-83 
15 D 3 8 VL 5 2 38 be Ss 
4 Po 2 pk S ; $5 v . . 1 L 7. wv» 2 ; * 2 
I Jadex ] Iader | Index Inaex | Index | Index | Tides | Index 
L400 103) [1.5 L661 09). |: (8) - 79) 
1 i 1 3 1 3 f 
2 4 8 7 2 Rs > „ v2} -- - 256 512 
77 monkey: a E en pond aan” 
1 2 811 234: 29 421876561 1960; 
$ 116 64 256 | 192] 409 163844 65536 262144 
— 1 —— 1 — — 1 — — —— — — 
- 1 e ; . . - \-. - 
5 7-25 125 62 3123] 1562; 78125] 290625} 195315 
6 4 3© | org Þ nrod tf 99n-i acdc —— 22 
"3: 4 216 [1296 | 777:} 46656} 27233} 1679616) 10077696 
[7 | 34:12: þ:580-1:17649] 323543] 576480. 40353607] 
_ 8 2 9715: 16777216 134217726) 
T7 4732965 +: 42046521] 3374204") p 


luis Table plainly ſhews (by Inſpection) any Power under 
th Te, th, of all tac Nine Fryures 4 — em thence may be 


taken 


| all wong bereaf.er call rae Reſolrend. 


tion) in chi 5 Manner 


Chap. 4 Of Triractt 10 Wo or. 1 2 125 | 


—— w_ 


taken che neareſ Rove of any Sq: are, Cube, Biquadrat, 
any Number whoſe oe or Side is a ſougle Figure. 


But if che Ret conſiſt of two. thr ce. Or more places of ee 


&c. of 


then it muit be found by pie ce meal, or Figure after F re, at 


ſeveral Operations. 
The Extraction of all Revs above the Sauer ( biz. Lon the Gs 


and able come piece or Work : Al ks ch 15 no ery much 
(ho-rned, and hit Eiſie, as wil aopear further on. 


When any N. mber is p apoler to have its Root Extrafted. the 


firſt Work is to prepare u, by Points let over (or under) their 
proper Figures ; according as the given Power, whole Wot is 


({:uga: doth require; And rha*'s done by conſidering the Index. 
of the given Power, which for the Square is 2. for the Cube is 3 
for the Biquadrat is 4. &c. (as in the precevent Table). Then 
allow fo many places of Figures in the given Power, for each 


ſingle Figure ot the Not, as its In lex denotes ; alwars beginning 


thole Points over che pl ice cf Unity, and aſc rem! otrards the Left 


Hand if tae given Number he Intezers. and deſcend” towards the 
Ribe Hand in Decimal Parts. 


As in theſe ee . 
>uppule any given Number; As 7565 7245 waich I ſh; il 


Then if it be required to Extract any of. he” foltowing Roots, | 
it mut be pointe (accordi g to the for ementioned Couũdera- 5 


| Square R Thus 735 3 423 37245 


5 . 1 1 5 \ Cube Ne 5 75645387245 
5 b B. quadra: K Lor 75645 387245 
\ dude 75649487246 


01 ſuppoſe the N. anler to be © 674379 32 


(ue . Ti 2 5 


Then for the 77 Cuve Reer „ 674533982 5 
a Biguadrat Noe ,674033552000 | 


Now. the Reaſon of Poinri ins the given RC ad in ohis 


manner; v7. the allowing I'p wo Fi. res in the Ouare Tyree 5 
| ; | | F. ? 


| REF Arithmetick. Part J. 
Figures in the Cube and Four Figures in the Biquadrat, &c. For 
one Figure in the Root, may be made Evident ſeveral ways; but 
I think its eaſily conceiv'd from the Table of ſingle Powers, where- 
in you may obſerve thor all the Powers of the Figure 9, (which 
5 is but a ſingle Figure) have the ſame Number of places of Figures, 
V . of thoſe Towers denotes : Therefore ſo many places 
of Figures mult be taken or aſſigned for every ſingle Figure in 
the Rot. Conſequently by thele Points is known how many 
places of Figures there will be in the Root, viz, So many Point: 
as there are, ſo many Figures there maſt be in the Roct, and 
whether they mult be Integers, or Decimal! Parts, is eaſily de- 


| rermined by the reſpective places of the Fe. 


$3. 2. To Extra the Square Root. 


And Firſt how to Extract the Square Root, according to the 
oo, ß Ce 
_ Having pointed the given Reſolvend into Periods of Two Fi. 
Aures, as before directed; then by the Table of Powers (or other- 
_ wiſe) find the greateſt Square that is contained in the firſt Period 
towards the Left Hand; (ſetting down its Not, like a Quotient 
Figure in Diviſion) and Subſtratt that Square out of the 1aid Pe. 
riod of the Reſolvend : To the Remainder bring down the next 
Period of Figures, for a Dividend, and double the Root of the 
firſt Square tor a Diviſor; iequiring how oft it may be bad in 
that Dividend; So as when the Ductient Figme is annexed to the 
Diviſor, and that increaſed Diviſer being Multiplied with the 
ſame Quotient Figure, the Product may be the grea'eft Number 
that can be taken out of that Dividend; which Sulſtract from 
the ſaid Dividend, and to the Rmainder bring down the net 
Period of Figures, for another New Dividend: Then ſee how 
bHOtften the Laſt increaſed Diviſor, can be had in the New Divi. 
dend; (with the ſame Cauticn as before, viz.) So as that the Quo- 
_ tient Figure being Anne xed to the Diviſor, and that increaſed Di- 
_ viſor Mult ip ied with the ſame Quotient Figure, their Product may 
be the greateſt Number that can be Subſtratted from the Neu Di- 
widend. (As before). And ſo proceed on from Pericd to Period 5 
frxi. from Point to Point) in the very ſame manner, until all be 
An Example or Two being well obſerved will render the Work 
of forming the New Diviſors, &c. more Plain and Eaſie, than 
can be Expreiled in a Multitude of I 


| Example - 


Chap. 11. 


Of Extracting Roots, Kc. 127 


* 


Example 1. Let it be required ro Extract the Square Root out 
of 572199960721. This Reſolvend As 6 or — 


a8 before anden, will ſtand 


Thus 55219596002“ (756439 the Root . 
| 42 be greateſt 888 in 57. 


3% ð§i? T 


D Diviſor 145). - Bar > 

* 2214 5 

2. Diviſor. 1506) "oy 

I; Diviſor 15 A 00 | 

3 151283) 7 590% . 

| FFF 23849151233 * 3 
bo Diviſar 1573863) 13615821 N 

9 13615821 1512869 K 9 


| Pro 556439 * 56439 = = 572799960 2 1 the Reolvend. 
"Rye 2. What $ the phe Root of 185070 1,764025 3 ' 


| Operation. 1850701, 764925 (S 
2: 


; Hence 1260,40 5 
„ BED the * N 1 
4 1088 16 

W 13 8 

. 


kerl 3. What” $ the "Sqm Rev of o,06075225 Decimal . 
"Parts? p | | 


3 006076225 (o 1246 3 the Roos required. 


— 


04 = — 2 N 2 
44) 207 
VV „ 3 Xo BY” ie 
- 486 - e Pra 6076223 rae 
, 3 20 6 5 Reoheend. | 
4985) pe 
. 


TJ 


— 
A „ —— 2 —— 


0 IT oo oe REES 
n 983 — c Wy — 


5 Arithmetick. Part J. 
W hat is here done in Whole Numbers Mix d Numbers and De. 


| ci mals, may alſo be done in Vulgar Fract ion: s if you grit Change 
the given Fraction into Decimals. (As in Sed. 5. Page 63.) 


Example 4. Let it be required to Extract the Square Root of 


| IF» Fi jt 25 29.64 | 


: Then 0,64 (8 the Root required. 


%%% 8 Fn 
In theſe Four Examples the Rſolvend bath been a perfect Square; 
anʒd therefore the Rol hath been Extracted without Leaving any 
- remainder : But it very often happens chat the Neſolvend is ro: 2 
true Figurate Number, according to rhe propoſed Power. That 
is, it's not a perfect Square, Cube, Biquadrat, &c. And then 


ſomething will remain atter the Extraction hath been made 
throughout all the Points. Such Numbers are called Surd Num- 


ters, and their Roots can never be truly found, but will become 
a Continued Series ad infinitum : If to the remainder there be till 
annexed Cyphers according as the propoſed Power requires, viz, 
by Two's in the Square ; Three's in the Cube; Four's in the Biqua- 
drat, &c. And the Operation. continued on as before. 


Example 5. Suppoſe ic were required to Extract the Squæe 


* 


| Rev of 6508. | 


| Operatim 6968 (83,743. Sc. 


„%%% 


1664) 79,00 
| 3 565 16 


7 «Ü 
166944) 759100 
TFT 
1669485) 9132400 
„ 834747 
1669490 78497 Ge. 


Exaclneſs you pleaſe, but cannot be truly foung. 


In my Compendium of Algebra, Chap. 9. I have propoſed ano- 


ther wav of Extract ing the Square Root, and there given Example: 
of the Work: which to avoid Prolixity is thus; 


Hainz 


[rat 


mo- 
ler 


ing 


Diy iſion. | 


Chap 11. Of ExtroC:ing Roots, S&c. 129 . 
Having pointed the given Keſolvend, and taken the Greateſt 
Snare to the Firſt Point from it. as betore. Then Divide the 


| Remainder of the whole Reſolvend by 2 (that is, halve it) and 


Point it a New. (This I call a New Dividend) Then wake che 
Rzot of the Fiſt Square # Diviſor, inquirin how oft it may be 


found in the New Dividend to the next Figure for ward, re- 


(erving that Fizure under the next Point, for the half &. quare of 


the Aut ient Figure. Which being found, Multiply the . 


with it, adding to that Product the Tens of the half Square E 

there be any; As in plain Diviſon. 
Then annex the Quotient Figure to the Lat Divide for a New 

Divilor, with which proceed 11 all Reſpect as with the Latt 
piulſe, J And to on only all be finiſh. d. ; 


Example 6. nh ha $ the Equare Root of 2995667969 


Operation 2990667 969 | 
EEE (5 Tae 1570 Single Kh: 
2) 4958675 55 The B to be Divided by 2 2. | 


Fi Ty. 245333982, 3 (54637 


4 208==5X4 : ++ TE of 4 vir. 488 


| Diviſor 540 3731 
+ 


6 32353= Ja; +2 the Spare of 6 


Divjer 546) 47559 
oP: 


_8) 43712; =546%3 : +; the Square of 8. 
Divifor 5355) 3525 MES : 
7 3 43=5463x7 +2 the Spuare of 7 


(O0 
Hence the Root 1s found to be 54887 As Was re. equired : 


Al the difficulty in this Method is only in the true e pl. acing 
of the half Square of the Quotient Figwe, when it happens 
to be an odd Number; In that Caſe you mult bring down one 


Figure more of the D viz. ot the next Period ; under 


which, place the odd 5 that will always ariſe from rhe half Square 
of an odd Number: As 7 whole Square is 49 ; the half of Which 


is 24,5 to be placed as in the Lau Operation of hs Example. 


N. B. Men the Number of Figures in the Root of 4 Surd 
Number are limited; you need not proceed in Extracting the 
whole Root as before; but only to one Figure mu? than half the 


degned Number of Fi igures ; for the _ may be ob 2 by owe 
0 „ | Exangle 


130. 5 TT "Arithmitick. 5 Part . . 


. — . 3 it were required to Extract the Square 
| of 7 (a Surd Number) to have Twelve places of Figures in i it. 


x _ (2.545751 | Firſt part of the "ES 
| 5 . ps | 1 
|| Na - 3 
* e — the Arial. 
F - 2 6: 35 4 the e Square of = „8 
GS 1 128 
NO” 1048 : 


' 2:64 J -- -1$2600 
+..005 2088 
© 2,645 r e 
T0007". 1951745 | 
2647 13575300 


+ 02005 13228625 
2464575) 34687300 

＋ ,oo000t 26457505 

2645751 . 8229995 


Fr | Having thus got 7 of the 12 Figures 3 i the Root; tie 
reſt may be eaſily found by the Contratted way of Diviſin ** 
paſed in Page 68. 5 

Thus 2,5457510 8229095) 75 $4573131106 
n PORTS. 
22092744 
286457 
2816714 
26457 
70% 
= 


- Ship I find the Rr K 3 To be 2,6457131166 4s wa 


required 


' Thus you have Two ways of — the Square *. either 
of n may be prafliced as every one likes beit. 


See. 3. To Extraa the Cube Root. 


The Method that I ſhall here propoſe for Extract ing the Cube 


Root admits of Two 5; both which are 10 be very well 
en. | 


5 5 Having 


Ul 


N 


£ 


ne 


vo- 


val 


to it, that fo Subſtraction may be made. EY 
Io the Firſt Nor whether it be Leſs, or More than Fuſt, 
anne x ſo many Cyphers as there are remaining Points over the 


Chap. xt. Of Ertracting 50. &. 137 


Having pointed the given Reſolvend, (as before directed) vi. 


into Periods of Three Figures; Then ſeek a Cube Number by 


th: Table of Powers (or otherwiſe) that comes the neareſt . th 

Firſt Period of the Reſolvend, whether it be Greater or Leſs hen 

ww AI. 5 
Caſe 1. If the Cube Number ſo taken, be Leſs than the F. 


cal its Nor Leſs than Julf, FEED 
And Sulſtract that Cube from the Firſt Period of the FR 


Caſe 2. Bur if that Cube be greater than the Firſt Period of 


| Call its Root Poze than Jul. 


And Subſtra& the Reſolvend from chat Cube, armexing C Ver. 


whole Numbers ob the Rſolvend, and Multiply it with 3 Then 


| wake that Praduct a Divifor ; by which you muſt dit de the 


Diffrence between the Reſolvend and the foreſaid Cube, then will 
tbar Quotient be the Reſolvend depreſſed to a Square; and raere- 
fore it muſt be pointed as ſuch : viz- into Periods of Tao Figures 


each. Thar being dove, make the Firſt Root (without choſe 


Cypiers that were annex d to it) a Diviſor, inquiring how oft 
it may be found in the Firſt Period of the New Neſolvend, (as 


| before in Extracting the Square Root) with this Contideration, | 
that if the Noot, (now a Oiviſor) be Leſs than Fit, as in Caſs 


1. you muſt annex the Quotient Figure to it, and then Multi- 
5h the Root ſo increaſed, into the laid Quotient Figure; Setting 
down the Units place of their Product under the pointed Figure 
of that Period, Subſtratting it, as in Diviſion, And to on from 
one Period to another. As before. „ 
But if the ſaid Roor (nqw a Diviſor) be More than uſt, as in 


Caſe 2. Then you muſt Subſtratt the rot ient Figure from a 


Cypher annexed, or ſuppoſed to be annexed to the ſaid Diviſor; 


Multiplying the Root ſo decreaſed into the Quotient Figure; ſet- 
ting down their Product as before, c. An Example or twoin _ 
each Caſe will render the Work Plain and Eaſſe. Rh h 


8 Eranpf 


£5 a 


- Y * 


„ 
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Example "9 


\ Whar 8 the Cube Root of 146 353183 che giv en Reſolvend, ro 


„ wy +. AY, 


: be pointed thus 145363183 05 the Firſt Rot. Lejs chan Juſt. 
3 342 he nearett Cube to 146 


Seon 219 ) 21363183 (192 2712 New Reſolvend. 


: run 2 5 4242, 12 c 527 the Roo required. 


2 104 
- 1. Diviſor 52 ) 52 FT: 3 343 
E 


3. Diziſer "© TD 153) | the Sander | to be rejected. 
Here the Root 52 7 is the true Root at the oſt Oper ation, as 
| may be eaſi H tried by involving it. 

I! hat is 527 X 527 X.527 = 14. 5363123 the given Refolvend, 
But if it bad not been the true Bot; Then every thing tbat 
* hath been here done mutt have been. tru arc ; Only mſtead of 
tlie firſt ſple Root (viz. 5) you mul. lar. :aken the ixcreaſed 

Noc (viz. 527) and this I call a Second Operation; W bich would 
zucreaſe the L1ft Roe to Nine places of Figures, viz. every Ope- 
ration Triples the Number of * in the Laſt Not; As will ap- 

ear further on. 

N. B. It often happens that Feur,, or ſometimes Five. Places of 

Figures may be taken into the Rot; Eſpecial wien the Second Place 

_ proves to be a Oper. That u, when the Fi ſt Cube comes Very near 

= * the Fo Per id 20 1 the Retolvend. 


A 2, 


| What's the Cube Ront = 67 507824239 | (400. Hs 1% 
Feirſt neatreſt Cube=64 (than 71. 


. 4200 rd, 3507524 239 (292388, 63 


85 
„„ 4 2 2318068 (48 
. Diviſm 45 5 


1 X 7 2845 
.2. Diviſer 407 * 7418 
„ | * „ 


3. Ä „ 3347,68 
| > 323744 e. 
3 4001,88 | 
7 Int this Exempt | Va /e taken Bee Fi Nures into the Root, he 
8 cauie the * Place og ro be a Oi ber. And in theſe 
| Hve 


e- 
fe 
70 


Chap. 11+ of ' Extracting Roots, Kc. 133 
Five the Exce/s | is not an Unit in the Laſt Place - for f FORE 


were ma ie a Second Operation, the * woul be 4071 73 &c. 
As wy be enn ried, 


Example 3. ; 
ler it de required to E. reract the Cube Root out of this Num- 


hor; Fn — bad * . „ 

85 Le * 5 ä 25803965 279630298890. 

Tye wor cube . 975 1 is oo whoſe _ 1 10 bring M Fore tha 
2:6 f * . * - 4 


Irs cle 18 coco oo CO οο 000000550000 
15 — — 9793 3796029530739 1279630293390 Do rhe Reſolvend 
Nintins ins 23620399 199260g5 7203697 1115 5 


The irc Ron ee e * 3 32200000000 the Diviſor. 


Toen 20 ö 629357 0109260397203697011: 8 9 

1 TO - | | e805 
Fir! Rot Ss 72 515056782585. Aw 5. 1 

5 — oo . BP (095523 | 

„ Dir J. I e 


2. Divi a. | 90 


3 Firſt Root e Ic O oo ο 
„ = . 
3 Diviſcr | 9921 295756 9920/1 0 
4. mw; $928 27 734070 
"> 4 3 5 
5 Diviler = 9525-7 „ c- 


At this Firſt Operation P tike but 99200 to which I annex 5 
0 Dake for the remaining Fonts, Vi7. 9520700" 00 Which u- 
v.[ved to the Third Power ox Cube, for a Second Operation, 
will be 976393 15602274 5092200£20Cc0000 5 
. 37950296907 39602 227 05 302989890 Reſolvond. | 
Remains 1855 36 356690397 26369701110 


Tic Laſt Root c 092070UCO0 X 329762 loco the new Divifor : 


Then ee 135530 336690357 20369701110“ 10 * 
, 62337784198 1298 The Luo tent or New Reſetornd, | 


Lak Root 99207 + being More than Tuſt. there fore the new W Quo- 
jew; mult be Subſtrec;ed, as in _ tHe L 2 Opcrat ion. 


| Thus 


ww. k : _Part 1. 


. ² ˙: on er IEEE ,,, Rs <7 
a 5 , SF. 
WE cs 


: quiet. 


" Sw. S 
99207) Tos 1 01 921097 (634340 
a —_ "I 1 -- 1 
ü | "SR. Note in t 5 Ope. 
Diviſo 92098 - 19847370 ration all the 
| _— "ry . Figures on thy 
Diviſo 9920633 ee 4 fide the Line, 
| — . | 22307 2a the nen 
e FTE 36165801516 Divers afte 
e 297619071761 : 3 
ca „„ 3 d migit 
0920637 17 . 04037 45991 tl e 
* 0 „ 59523 822984 2 * 
EET 9 5 4513 * 22303 Ap 
59260371636 57 5581653580 : 
— — 5 49631258 . | 
92637163 3.55 5 — 


©: - ue 992 070c000. | 
| — 62336 45 er. 5 


| 9920637163 55 the Root required. 
Tis I have denied the Cube Root to Twelve Places of Figures, 


| diz. 99206 37 163.5 5 at Two Operations; being but an Unit too 


much in the Laſt Place of ir, as may be tried by involving | it to a 


| Cube, and comparing that Cube w ti the given Reſolvend. 


In the ſame manner rhe Cube Roots of Decimal Parts; or of 


5 Vulgar Fradtions, being fiſt 2 into ee may. be Ex 
tratted 


Sen. 4. To Extran the Siquavrat Rost · 
In Extrafling the Big: nadrat Roet, or thac of the F ber; 


< and i deed the Roots ot ail even Powers) there is ſome {mall 


' Difficulties, not ſo eatily expreſs'd and explain'd in a few words, 
as they are by an Agebraich Theorem (ſuch as ſhall be hewed fur: 
ther on) I have therefore in this place, made choice of Extratting 
ſuch Roots by Two ſeveral Extrations ; And the rather, becaule 
I preſume the Reader by this time thoroughly acquainted with he 
baliwels of Extracting the Square Root, by Which this may ealily 


h be performed. Thus; 


Firff, Extract the Square Rot, of the Nope R olvend, Then 


the Square ow of that arlt * * be the may Roc re 
: rat 


np, wy a a3. > 22 


) my * its rats Root, 
he | | Thus 4855532416, „ 
Ee 36=the greater Square, whoſe Foot i is 6. 
. * 210 Remainder to be Divided he 2. 
em 
ter if Fr pot 6 * | 628766208 1 1 
. 5 1 4526 = 
" * 4158. 
= 7 6558620 

4 9 626805 

6969 418758 
3 
3 being the fe Root, ' whoſe Square Roo | 
Then 656550 | muſt now be Extracted: 

_ 4 
1 1 Remainder to be Divided by 2 2. ; 

, 5 
tog Fit 2 2) 14848 (864 the dl. Root 28 _ 
ow | * 6 138 | | b ; (quired. | 
ir of : 26) 18 „„ | 
T7 + 4. 1048 
: 264 ( 


This is lo Faſie 1 need not inſert any more une. 


| Leer. 3. "Ts Ertrac the Surſolid Root. 


Or Leſs than 


fore in Extracting the Cube Root. 


ſolid Number ſo taken, by ſubſtracts 
0 8 be xlore | in the Cube). N ext fin 


Ly 
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Example 1, What's thc Biquadrat Root of 4857 532416 3 = 


Having pointed the given Reſolvend according as its Tadesx 4 5 
notes ; viz. into Periods of five Figures; Seeking ſuch a Sun ſalid 
K in the Table of Powers (or otherwiſe) as comes the near- 
ett to the Firſt Period of the Reſolvend, whether Greater or Leſs; _ 
and call its reſpective Root accordingly ; viz. More than Fuſt ; 5 

27 3 annexing ſo many Cyphers to ir, as there are 
remaining Period of whcle Numbers in the Keſolvend. As be- 5 


Then find the difference between the Reſolvend, and the Sy- 

the Lefſer from the Greater, 

the 0 abe * the aforeſaid 
„ 


136 Arithmetick. 5 "ct . 
bi Surſolid Rot with us anne xed Cypher «, (which jou may alla d do 
by the Table of Powers) and Multiply that C with 5 the Index 
cot the Surſolid, the Product muit be a D:wviſoi, .;, bhich the Dif. 
ference between the Reſolvend and the Surſe 10 Aren muſt be 


Divided; that ſo it may be depreſſed ro a Square (a3 b fore in the 
Cube) which mult be pointed into Periods of Two Figures ench. 


© calling it the New Reſelvend (as before). Then wake the Fiſt 
Wort, withour its Cyphers, a Diviſer Inquiring, how oft it may be 


found in the Firſt Jeriod of. the New * with this Conſi- 
dieration, if the Rost ( no a Divifor ) be Leſ han Juſt, you muſt 


annex Twice the 27 tient Figure to KR 5 but if it be More than 7uſ, 


you mutt ſubſ?; act + Twice the Aut ie nt Figure from 2 Cypher either 


anne xed, or ſup pos a to be annex d to that Diviſor or Reot, NIA. 


_ riplying it ſo increaſed, or diminiſhed, with the {aid Quotient F. 
due, tering down their Product, & c. As before. Aa e 
. each 8 will Lender it plain and eaßie. 


OE | Exanyle 1. . Suppoſe it hs a ro Extract the Sur 1 ler 
_ of tats Nuunler 1230930200937 . 


123 5950 20293 355 The Neben Pall. 


„ ,” neareſt Surfolid Number to 1230, the Firſt Period of the 
_— Nullen is 199g Whole Root is 4 —_ ts than 72 f, 


Therefore | 123595020 59375 
— 124 | 


"2069502 009575 their Difference. 
ir ihe Cube of 400 is. 64000005 per Table, E 
And 64200900 g = 3200c0..99 the Diviſor. 
320000000) ee {6 457 we. 


Firſt Reo 4) 6467 (15 


ff. 
Diviſor £ 42 2 + 5 
ne the true Roct 4 5 as required 


Diolſor 430 (1 17) the Remainder rc be on. 
| Thar is 415 is the Surſolid Rot of the given Reſs.vend. As 
way be eajtly tried by involving it to the Fiftb Power. | 
Viz. 415 K 415 K 415 995 * 415 1230946300987 75 the 
given Rejotvens * 


Exit 


„ — kw 


to! 


| chap. 11. "of Extracting Boots, =} 7 


; KY 2. What's the at "IS of 2327834559873 
The neareſt Surſolid Number to 232 is 243 whole Mot is 3 | 
being More than Fuſt - | | 
| | Therefore 2430000000000 : 
— 2327 $34559973 
Remains | 102165440127 For a Dividend. 
The Cube of 300 is 27000000 And 27000000 X3=135000008 | 
Then 135000000 ) een (756;7 7810 New — 


Firſt Root 300 755781 65 853 


—02X2= 4 592 
| Diviſor ; ae * 16478 
"FF =55i= 10-1005; 
| 55 Diviſar 29570 7 * 481 
w —05 X2= r | 
. 55 * 2,33500 Sc. 5 
The Firſt Root was 300, being More e chan 7. 
| Therefore it is — e 
the The New N 297,42 Ant is very near . SY | 
Rot, which is 297.426 Ge. Now the Reaſon why 


this Root comes out to fo many plices of Figures at the Firfſt 
| Operation 3 1s decauie the Firſt Surſolid TR was 0 near the 
keſelvend, &c. As r | 


Sl. 6. To o Cxtran the Root of the Square Cabed. 


This way be eaſily perform'd by Tio Extraflons; accord 5 
ing as its Name Denotes. | 
Thus, Firſt Extra# the Square Root of the given Reſalvend ; 


_ Root required. That is, it will be the Root of the Sixth 
wer, e 
I Or thus, Firſt Extract the Cabe 1 "ot the Reſelvend, thert 
Extra the Square Not of — 888 Es "mw it will de the 
Race required. 


5 the out of this Number 143220537353515625 the Reſolvend. 8 
Firſt l Extract the Square Root ot this Reforrerd, which ] rake 


mbit to be the beſt and the eaſieſt Fa 8 Ines 


then Extract the Cube Root of that Square Root: And it will be 


Example 1. Let it be 1 to Extraft the 5 Cubed 1 . 


_ _ Artthnetich. = Port 


- Thus | 989 0 5 85 83 0 > 
| 14522053 37353515625 
„ . 
| Remains Fugs 85558625 To be halve. 


Then 3) 27$1026867675781 12 5 (38 1078 12 


N’ oe. 
„ e ee 
7 ĩ— ß # 
38107) 2095226 
+_- 0 
381078) 4634357 
— I, he ; 391c7805 
2, 3880781.) es | 
| 8 ES 76215622 


—ͤ — —_L_ > 


38767875 * 19053906 125 
* * 2. 
381078125 (0). 
"Swing found the Jones Ro 4 the given aha 1 proceed 
10 e the Cube * of that FORT Root. 


That is, of 331078125 5 . | 
5 . 3432 he nt areſt car, its Rect is * 5 
Then 700% 5= 2106) e 0 SITY Rs | 


0's: RS 
k vu; 1 3761 Firſt Roor "= 
= +5 FV 
2. — 727 725 * e 


Hlence I find 725 to be the 33 Cube Rost deduirel; I 
: may eafi ly be tried by Involving it io the Sixth Power, 


That is 725X725%725X725N725X725 will be fount 
8145220537 353515625 the men Riſelvend. 


Sell. 7. To Ertrac the N oat of the Seventh Power. 


| Having pointed the given Reſolvend, as its Index Denotes, Vi 15 
| 5 into Periods ol Seven * Seek our tuck a Number of the 


Seventh 


bs 


IC 


0 


1 — 
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— Power, by the Table of Powers, as comes neareſt to 


the firft Period of the Reſolvend ; whether it be Greater or Leer, | 
calling its reſpective Root Mare than Juſt, or Leſs than Fu uſt, an 

nexing its proper Number of Cyphers, Cc, As in the Cu | and 
Surſolil. 5 
Ten find the Difference berween the given Reſolvend, and 


that Number of the Seventh Power (found by the Table of Powers) | 


by Sulſtracting the Leſſer from the Greater. 
Next find the Surſolid or Fifth Power of that Root with i its 


Anne xed Cyphers (which you may alſo do by the Table of Powers) ; 


and Multiply that Surſolid Number with 7, the Index of the gi- 


ven Reſolvend, that Produft muſt be a Diviſor, by which the 
foreſaid Difference muſt be Divided; that ſo it may be 


preſſed to a Square, to be Pointed, &c. as before in the Cube, 
* then make the Fiſt Root, without its Cyphers, a Divifor 


Working with it and the New Refolvend (as before) only here 


you muit Increaſe, or . the * wich Thrics the D. 5 
tient Figure. | : 


„„ Example 
What J the Second Suſalid Reet, or that of the Seventh Power, 5 


ol 23732365c305507 $125 the Reſolvend pointed. 
— 2178 the neareſt Number of the Seventh Power, 


15343553535 55078125 their Difference. 


: The 750 Root is 300 being Leſs than uſt; And the Fifth 
Power of 300 is 2430000002000 Which being wage a with 7 is 
| 17019209920000 for a Diviſor, by which the a 

- rence Muſt be Divided; which Contratted * ang * : 


| 7270 1554365) (983795 Gee. | 


reſaid Die- 


Firſt Root 3 LE. 9137 ( 5 
＋ 2 38 6 5 . 5 Firſt 3 


1. Diviſor 1 5 e * 
17 23 1 182 ue Ne 323 


2. Diviſor 375 1 62 ) 62) the Remainder to be rejected as heli: N 


WOE | Hence 1 Rs 8 325 to be the true Root required, that Eh 
| ls, the true Root of the Seventh Power. 


1 chink it needleſs to proceed farther ; viz. to Inſert Exam- 


ples of bigher Powers. For if what is already done be wel! un- 


deritool, will be caſt e to conceive ow to proceed in n 5 
| 2 the 


— — « — 


— — 


1 
Is 
1 
| 
ZE 


. cee "Pani 1 


the Rot of any Hh Power how high 3 it be P for the Me. 
tbod is General and alike in all Powers) due regard being had to 
_ their Indices; and to the firſt ſingle Side or Root, Thar is, 985 
ther it be More, or Leſs than Fuſt, &c. 


Poo " 2 


Vet methinks I hear the young Lea ner ay, "tis poſſible to 


follow the Directions and Examples, as they are here laid down ; 
but ſtill here is not the Reaſon why they are fo and fo 
Ferm d; And why there ſhould be a Remainder Left after che 
trus Roc? is found ; viz. when che given Re eſolvend hail a cue 
Noot of its kind. 


Iis true, the Reaſons of theſe are not bere laid down; 3 nei- 


ther indeed can they be rendered ſo plain and intelligible by 
words, as by an Alpebrich Proceſs, from whence the Theorems 
or Rules here given, had their firſt Invention ; às ſhall be, ſhewed 
in the ve Pare, when J come to treat of Reſolving Compounded 
or Adfetted Equations ; however, take this mort 2 general a0. 
Fount of this Method. 


This, and all other of the new Methed; of converg; g Series 


Cf a they are called ) are very differen: from the former (and 
ill common) Methods of Extracting Roots, which requires the | 
iſe Jingle fide or Rot of the fiſt Period (in any Reſolvend ) to 

be taken E xat'y true, and then by Involving, and other teazous 

ways of ordering it, there is formed a Diviſor; which helps to 
rope out by Trials a Second Figure ia the Rat. And fo proceeds 
on from Point to Point; {till repeating the whole Work for 
every Single Figure that comes into the Rr. And if by Chance 
There be a Mittakeor Error committed in any one Figure (as tis 


doſſible there may) it ſpoils the whole Proce/s, which mult then 


de wholly begun a new, or at leaſt from char Fart of it where 
the Error firſt entered, 


Rut the Nature and Deſion of _ Method which 1 ho here | 


lid down is quite other wie; it being fo contrived, as to gradually 
n he Difference berwirt any propoled Power, and the like 
© Power ot another Nu moer afſumed ; vix. it Leſſens that Difference 


uri] it's either quite vas Taiſh'd, or become iO in Ju as 
xo be Inſgninicant. 
Theretore when any Number i is propoſed to bave its Ract 


Exxtracted; it is here required io take the next neareſt EH 
ct the ff, Py Period in the Reſalvend ; that {5 the Difererce 
detwixt the given Reſoltend, and the Haumozencal I owe 
1 the (ihe Power ) of the Nor thus taken, may be L 


either in Exceſs, ar Difet. Which Difference being reduced, 


yy depreſſed Lower, becomes ſo prepared, tha: by plain Di- 
6 \ 8 ) ſaere vill ariſe lucy 


Lat lent Fut es 
TE 


yy 


"T0"  - Sing. oe ow. ""o,S; 


—_—_—_ 
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as will both corre# and increaſe the firſt Root to Three places of 
Figures at leaſt, ſometimes to Four, or Five places of Figures; ac- 
| ,ording as the ſaid firſ# Difference happens to be More or Leſs ; 


(ek which you may have obſerved Inſtances) : Bur yer there 
will be a Remainder left, and perhaps an Exc:/s or Defect in the 
Root ſo increaſed; viz. in the laſt Figure of it. ED _ 


No to rettifie the ſaid Exceſs or Defe& in the Root, and to 


diſcover whether the given Rſolvend be a true Figurate Number 
or not: Thar is, whether it have a true Root of it's kind. It 
will be necrſſary to make a Second Operation; by taking the Root 
ſo increaſed, and proceeding with it and the ꝑiven Reſolvend, in all 
relpects as in the firft Work (like ro the Third Example of Ex. 
tracting the Cube Root) J ſay, if the given Nſolvend have a true 
Rot, it will appear at this Second Operatzon, and all rhe afore- 

(aid Differences, &c. will be vanquiſhed ; provided the Root requi- 
Bat if the Root be to have more than Three Figures in it; Or, 
that the given Reſolvend prove to be a Surd Number. Then there 
will be a Difference as before; which will atford Quotient Figures 

to Rectifſie and Increaſe the Root laſt taken, to three times as 


red is not to have mate than Three (or Four) places of Figures 


many places of Figures, as it had at the beginning of that Se- 
cond Operation. As you may fee in the aforeſaid Example 3. of 


the Cube Noot; Wherein that Nror is Increaled to Twelve places 


| of Figures at Two Operations: which if it were to be Extracted 
the cd (and ſtill common) way, it would require at leait Forty 


tim:s the Number of Figures I have there uled. 
Again, if there chance to be « Miſtake committed in any Ope- 

ration perſotm d by the Method here laid down, that Miſtake 
wil not deſtroy the precedent Work, bot will be Rectified in 


| the next Operation, although ir were not dilcovered before. And 


tus you may proceed on to a Third Operation, which will afford 
27 places of Figures in the Root. &c. with very little Trouble, 
if compared with former M-thods rt. . 7 
This brief Account, which I have here given, (H way of ex · 
plaixing the Nature of this Method of Extratting Mots) being well 
conſidered and compared with the ſeveral Operations of the fore- 
going Examples, mult needs help the Learner to form ſuch an 
Idea of it, that he cannot (I preſume) bur underſtund how to 
proceed in Extratting the Rot our of any Single Power, how high 
{ever it be; withour the help of an Agebraick Theorem. Not, 


| but when that comes to be once undecitood ; the Work will 


be much reudier and caſier petferm'd: As will appear in the 
not Parts „„ e = = 


142 Arithmetic. Part], 
l did intend to have here inſerted, the whole Buſineſs of h 
tereſt and Annuities ; But finding that it would require too large 
2 Diſcourſe, to ſhew the Grounds and Reaſons of the ſeveral Thee. 
rem uſeful therein, I bave therefore reſerved that Work for 
the Cloſe of the next Part. Neither indeed can the Raiſing of 
_ thoſe Theorems be ſo well delivered in Words, as by an Algebraich 
way of Arguing; which renders them not only much ſhorter, 
but alſo plainer and eaſier to be underſtood. — 
Il have allo Omitted that Rule in Arithmetich, uſually called 
the Rule of Poſition, or Rule of Falſe : Becauſe all ſuch Queſtion 
as can be Anſwered by that Gueſſing Rule, are much better done 
by any one who bath but a very mall ſmattering of Alpebyy, 


I hall therefore conclude this Part of Numerical Arithmetich . 


And proceed to that of Agebraick Arithmerich, wherein I would 
adviſe the young Learner not to be too balty in paiſing from 
one Ne to another, and then he will find tr very eafily to be 


Attaineddt. 


= mf 


„ 


, —_— . 


FACT H © 


INTRODUCTION 


T0 THE 


athematicks, 


H formerly wrote 4 ſmall Traft of Algeb2a, perhaps - : 


may ſeem (to ſome.) very improper to write again upon the 


= ſame Subject; but only (as the uſual Cuſtom u have refer d 
my Reader to that Trait. However, becauſe the following Parts of 
| thy Treatiſe are managed by an Alzebraich Method of Aruing ; 
which may fall into the Hands of theſe who have not ſeen that Tra, 
or any other of that Kind; I thought it convenient 10 accommodate 
the Jung Geometer with the firſt Elements, or Principal Rules, by _ 
which all Operations in thu Art are perform'd: That ſo he may 
uot be at 4 Loſs as he proceeds farther on: Beſides, what I former- 
ly wrote was only a Compendium of that which n here fully handled 


at large. + 


The Principal Rules are Addition Subtraction, Pulti- = 
plication. Diviſion. Involution, and Evolution; as in com- 


mon Axithmetick (bur differently perſorm d): And therefore 
lome call ir Algen ꝛaick Arithmetick. Others call it Axithme· 


dftroy'd ur changed into others, as Figures in common Aritbme- 


tick in Species, becaule ai che Quantities concern d in any 
Queſtion, remain in the ir Subſtituted Letters (ho ſoe ver managed 


by Addition, Sulſtraction, or Multiplication, & ) without beirg 


Mr. Harriet call d it Logiſtica ®pccioſa, or Specious Compu- 
tation. 5 FFV 


A 
| 
| 
| 
| 


RE = _Ugedea, - Pare fr 


Concerning tie | Drehad if Vicia Pn | Quantities ; 
'S | Tracing their Otepg, Ce. : — 


. 1. Of Notation. 


* BH E Method of Noting Jown Letters for Duantities, i is v4; 
rious, according to every one's fancy; Bur I ſhall here fol. 
| Tow the ſame as in my former Tra# : And repreſent the Lrantity 
- ſought (be it Line, or Number, Sc.) by the tmall (a), and 1 
more Quantities than One are ſought, repreſent them by the 
| other ſmall Vowels ; e. u. Or y. 
I ̃! be given Duantities are repreſented by the ſmall Conſonany, 
4. b. ee Cf. g See. 
3 5 Hinction s ſ. be. mark the points. or ends of Liner in 


"i Schemes, with the Cann or Great Leteers, ws A. B. C. O. 


| 5 Oc. 


When any Luantity (either given, or ſought) is taken n more 
; than once, you » muſt prefix its Number to it; As 34 ſtands for 
4 taken three times, or three time: a, ard 75 —— for ſeven 


8 timer b, „„ 


AI Ne ber: thus prefix xi to any Quantity, are "all Ceeſs 
al or Fecllow-Faftors ; becauſe they Multiply the Duantity ; 


And if any Quantity be without a Coefficient, it is always ſur- 
2 pos d, or under ſtood to have an Unic ' prefin'd to it; As 418 15 


* bis 1b, XC. 


=, > hs 15 by which 83 are 40 managed are the 
5 fame; and have the ſame Signification, with thoſe in the Firſt 
Part, 'Paze 5, which I here preſume the Nader to be very well 
: acquainted with, To them muſt be here Added ele three more: 


a S272 6: Indelut ion. | 
Os Fr; 25 >the Sen een, or Extrattin 4 Revs. 
| 5 * 


like ow.) are ee together 


Irrationality, or Sign of a Surd Root. 


i All Quantities that are expreſsd by Numbers only (as in 2 
2 gar Arict , tick) are called Abſolute Numbers. _ 

| Thoſe '?antetres that are repreſented by Single Letters, 3, 
4. b. c. d. Sc. or by ſeveral Letters that are immediately joined 
together; As 4b. ed. or 764. Sec. are called Simple or * 
whole ON antities. | 
But when different O: Prantities repreſenred by different or un 
5 y the Signs (+ or —)p As 
_4FbÞ. or re &c. 85 are called Compound whole 


Ruan 255 Rein 4 | 
F | And 


Chap. * 


— — 


"Notation of 12 


And when * are Expreſs d or ſet down like Vulgar 


nalin, Thus ©. Or I. Or-“ wa 


d , 
they are called 8 or broken Quantities. | 5 
The Sign where with Quantities are Connected, always dez 
longs to that Quantity which immediately follows ir; And 
therefore all the Quontities concern d in any Q tion, way ſtand 
in any order at Pleaſure, viz. the moſt convenient for the ner 
Operation, As a + b — may ftand thus b — d +a, Or 


thus 2 — 4 b. Or — A +a +b &c. thele beiag fill the 


ſame, tho' differently placed. 

That Quantity which hath no Sign before it (as Generally 
the Leading Quantity hath not) is always underſtood to have 
the Sign x before it. As ais + 4 Or b—dis + b —d &c. 


for the Sign + is the Affirmative Sign, and therefore all Lead- 
ing or Poſitive Quantities are underſtood o have it, as well 22 


thoſe that are to be Added | 
Bur the Sign — being rhe Negative Sign, or S; 25 of Defoe, 
there is a neceſſity of prefix ing it before that ig to which G 
It . where ever the Quantity ſtands. = 
Sec. 2, Of Tracing the Steps uſed in bringing | 
— Quantities to an Xquation. 


The Method of Tracing the St-ps, uſed in bringing the Quan: 
tities concern'd in any Queſtion io an Equation. is beſt per- 


formd by Regiſtering the ſeveral Operations, with Figures and 


i215 placed in the Margin of the Work, according as the ſeveral 
Operations require; being very uſeful in long and tedicus Operations. 
For Inſtance: If it be required to {er down, and Regiſter the 
Sum of 25 Two Quantities a, and 6, the Work will ſtand, 
Thus. Firſt fer down the propoled Quantities, 6 
þ 


+2] la +6 and againſt 3 (the Third Step) "Ser downs | 
their Sum, viz, a . Then againft that Third Step, iet 
down i 2 in the Margin; which Denctes that the Quantities 
againſt rhe Firſt and Second Steps are added ! and char - 
tioſe in the Third Step are their Sum. 
To Illuſtrate this in en * a= 3 and 1. 5 


F 
Thus "WS 
ELESESET being he Fm of 9 and 6: 


7 and b over _— the * 1. 2. in che 1 


1 —2 


Tben! it will be, 
IK 2 


. 7 rd) fignifie the Rectangle or Product of the Quantities they 
Repreſent, As in the Laſt Example, wherein * 54 id = 
Product of a = 9 and 6. . 5 


2. If Equal Quantities be Taken from Equal Quanticie, the 
_ Quantities Remaining will be equal. & 
ESE i Equal Quantities be Multiplted with Equal Quantities, 
| Their Pzoducs will be equal. 


_ Their Quotients will be equal. 


a; Thing, are Equal to one another. 


1 b Heart, 


_ the Signs, and their Significations being gained, the Young Al- 
gebraiſt may proceed to the following Rules. Bur. firſt I muſt 
make bold to Adviſe him here (as have formerly done ) that 
be be very Ready in one Rule before he undertakes the next. 


1 dies with Subſtraction; And in Subſtrattion, before he undertakes 
. —— . becauſe * have. a a dependency a one upon 
anot 


3 Parl. 


" Again, If it were required to det down the * erence of the 
ſame Two Quantities, T ben i ic will be, 


Thus M2 


21 == 6 


3 ESD — the DiF, berween 9 and 6, 


he 


„ if it were 1 to let down their lil. 


Thus 5 a=9 £ 
aj0=6- 


[31 2% or 2 the Prod. of in 


W Ft ſet or fon 'd Sake . 1 1 4 


T: 17 Eq ol 8 be Added to Equal Quantities, the 
Sum of thoſe Quantities will be equal. 


4. If Equal Quantities be Divided by Equal Quanrities 


5. Thoſe Quantities, that are * to one and the ſame 


Note, 1 Adviſe the Learner to err theſe foe Axioms perfell 


Theſe chings being 3 and a ks Keats of 


| Thar is, He ſhould be expert in Addition, before he mei- 


CHAP. 


deep. Addition of Quantities 2007] 
„ « : : 


Concerning the Sir Principal fiules, of Algebꝛaick | 
Aritymetick, of whole Quantities, 


Seck. 1. Addition of whole Quantities, 


Addition of whole Quantities admits of Tree Caſes. 

Caſe 1. If the Quantities are like, and have like Signs; Add 
the Co-e fficients or prefixt Numbers together; and ro their Sun 
din the Qantities with the ſame Sign. | EE 


A FE 1. Exam. 2 | Exam. 3. Exam. 4. 


3 2 — 7e 
bs —— 3 
4215 15 —:4 | 8b F138 


Thus 4 (Eten. 5 Exam. 6. Exam. 7. 
1132 +5b| 3a — 5b] 64b +12. 


2124 + 79; 34 — 730 C24 £ 5 
= IL 54 —125] 94b +35. 


The Reaſon of theſe Addirions 5s evident Ginn ** Work ig 5 
Common Arithmetick. Fur ſuppoſe a, to reproſent one Crown, 


to which if I add One Croun, rhe Sum will * Two Crowns, or 2 4. ./ 95 > 
| Ar in Exam. 1. 


Or if we ſupprſe — FY to repreſen the want or ate: fc One 
Crown, to which if another want or debt of One Crown be added, 
the Sum muſt needs be the want or debt of Two Crowns, or — 24; 
As in rant 2. And ſo for all the reſt. 

Caſe 2. If the Quanzities are alik-, And have TY 15 Ins ; 
Strat the Co- eſicients from each other, and to their diff or ence 
jon the Quantities with the Su of the Greater. ES 


Exam to. Exam. 11. 


Exam 8. Exam. 9. 
* 5a — 5a 34e — 9b! 
. .—3e | +34 1 —6% | + 7-64 
i +213} +24 | —22 | be ] — 2 bd 
[ Exam. 13. | Exam. 3. 55 
i I I 74 — vs; 8 — C . 158 
| 1— 54 + 7b; +12 FE: 2 Fa 
143 PT EY? 1 45 — 15 


2 — a 
” . * Y A 4 , — w 8 
* _— — , 5 . l 1 — — — wy 
* 4 . , l , 8 . : — 
" 2 —— : wo: . — 9 — — — - * N 


m7 Algebza, Part ll. 
"The Nn of the e in this Cale may be eaſi'y un- 
derſtood by any one that duly conſiders the comparing of Stock and 
| Debts together; or the Ballancing of Accompts betwixt Debtor 
and Creditor. ; 
That is, Toe Affirmative Quantities repreſent the Stock or Cre. 
dicor ; The Negative Quantities repreſent the Debes ; And ad 
Sum repreſents the Ballance, &c. | 
Caſe 3. When the Qu ntities are unlike, Ser them all don; 
without altering their S n:; and thence Will ariſe compound 
. Quantities, which can * no otherwiſe 4. but * their 
| | S ns, „ 
0 Thus 4 4 ; 1 1 1547 
| 1 — 44 — 20 


+ 312 == = 56 + 74 2 


UAere follow a few Examples wherein all the 3 Caſes are 
ping concerned, 


„LA +) table 37 . 


f 1+213] +l; PEST ET 4 Ts = 6 88 


1144 — 24b + 4b] 057 ＋ Tab — 45 1 
1 Jad — (be — - 7ab | da : 


_— 


ED RE + 2b "i BEES — o+ 4s 95 


— 74 3 | 
Jl+3ale +f 3 
+3lal als +I FEEL E 
| 28 34 + gabe — bb 30 a 
72-20 — 348 == 2abc— 3F5--- 
„ 12 dd + 248 — zabe — 3 SER 
CELTS + dd e, 


Sect. 2. Subtraction of whole Quantities. 
z Sul ſgraction of whole * is N q bye one 2 


* 
Aule. n 


| Char, oe al the S. Tn: of the Subftrabend ; (viz. of thoſe n 
wich are to be Sn0jZratted ) or ſuppoſe thats an your mind to be 
89 2 To en Ada 1/1 112 Quantities together, as before in Addi- 
oe Py 15 70 Car $4.4 wh, ve the rrue R mainger : a, Defference * 8 
| ls 


ae 
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"Thi General Rule is deduced from thele evident truths. 


| Affirmative ; will be the ſame as to Add an Affirmative Quanti- 


T 24 _ ro + 34. 
| Exam. 1. | Exam. 2. | Exam. 3. Kras 4. 
1 „„ bo 5 
e |=. Be: » 
3 3 = + 8: -W-- == 


To Subſtr att an Affirmative Quantity, from an Afirma- 
tive ; is the ſame as to Add a Negative Quantity ro an Affirma- 
tive. 

That is + 24 Taps from + 34 is the fame with 2. | 
Added ro + 3a | 

5 To 5 Subſtraft a Negative vanity from an 


ty ro an Affirmative, 
Thar is — 24 Taken from { 34 will be the ſame with 


- F Tuck. " Kue 6. Exam. 7. 
lif5a+129] 54 — 12 gab + 36 
12} 2a + 76] 24 — 24 — 7b 3ab + 24 


2 . 34 — = ub 64 +12 | 


1 | Exam, 8. 7 "ng 5. Exam. 10. Exam. 11; | 
: 


11 * 2 — 22⸗ „ — 144 

: N — 34 |. + - JE. S — be ＋ 7abd : 
. ＋ 14 "= 1 We 54 1+ * — gabd 
I Exam. 12. Exam. 13. 1 5 


VVV + 2b 4 — 0. = ; 
= 1 "3 14 + 7b. — 8ab — 1 Þ- 15. 


Fa” _7a—gbl 32ab + 7be —24 


If hols x 13 Examples. be Compared with thoſe in 1 
the Work will appear very evident, theſe being only the Converſe = 
or Proof of thoſe; according to the Nature of Addition and Sub 
ſiration, in common Sieanez. | | 


| More Examples i in SubſtraAion. 


1433] be + 3da} 84+ 5b44-25 | 
ſz] a—6|] [EXD 74 — 364 — 12 
i—2| | +26 ——— AE A 


Algebza. - Part 1], 


1 I — 


4 et #1 EE 
1 36 34 — 6 —2c _ | b al 24 45 
3 


21=2(31 3% L EJ —. — — 


11 aþ b—54 ED is 
Wh d—3b —be—75 EY L | 2 
—— 312 ESTES — 2 3 4ꝗ 75 
Thar, 432 Taken from: 4 + b Leaves * 26 for 


the R- mainder ; 3 as in rhe firſt of theſe Examples, may be thus 
proved. | 


- 2 


5 per bw 1. 
1 b =z —x=b. per Axicm 2. 
4 + 6131 26 =7 = K. which was to be proved. 


The Truth of all Opirations | in SubſtraBtion, where any aal; 
ariſes; may be proved, by Adding the . to the e. 
5 mainder ; As in common * 


; 1 * 


5 Examples. - 

CO OY TY - 
Take . — 4 x Zo b 80 Subſtrabend. 5 
: 1 — 213 + 72 8 + 6da. — ple Remainder, 1 
2+3[4| : 0 I — . = 


Sf. 3. ' Wultiplication of whole e 
Nulli ici of whole Quantities Admits of Three Caſes. 


Cafe t. When the Quantities have like Signs, and no Coefi- 
eient,, let or jn them together; And prefix the * + before 
them; ard that will be their Product. | | 


| Exam. 1. Exam. 2. Exam. 3-| Exam. 3 


* I —4 42 ＋ {—a—b_ 
r 
l ab 4+ ab ad id + 74 LE ” ü 


1 c ife 2. If there be Co:ficients ; Multip/ A them, and to cheir 
Product Adjein the Quantities ſer together as before 


Thus 


be 


ir 


mud | 


Chap 2. —Sulfipltration of Quantities,” — : : 


. Exam. 5. Exam. 6 Tone: 7 Exam. 8. 
1] 54 1— &d 3a + 26| : b 
Thus 21 36 ([—97b | 6 T 


- ＋ . 


7 x 2 1 — | UE of. cove 189 +125! 


Cafe 3. When's the inks have 2 Siows ; Foyn os . 
and the Product of their Co- 3 _—_ (as — Bur re- 
fix the w — before them; | 


22 9. | Exam. 10. 1 t. 1 12. 
| — 862 44 —7b 4a —7b 


| +76 1 If 122 
1X2. 2 ; — TNT EAST 


Thar i is, + i into 4 K or — into — - gives 1 in a the Prodult. 


But -- into — or — into + gives — 


Thar + into T will Produce —+ in the end is evident 
from Multiplication in Common Arit hmetick. = 
viz. + 5 into + 7 will give $3 Se. TE 

But that + into — Or — into + ſhould Produce the Size Bo 
—, As in the feur laſt Examples. 

And that — into — ſhould produce the Sign 4 As in the | 
Second, Fourth and Sixth Examples, may perhaps ſeem ſome- 


| what hard to be Conceived ; and requires a Demonſtration. 


Firſt, to * that — 75 into e V. As in Ex. TH 


Suppole 1 44 — 7 = „„ 
Then will 4 44=7b. aun. 5 
8 i». 
5 44 e per n 3. 
41217 I; 1227 — 21 =o. per Axiom 2. 


Conſequently 4 into —, Or — into 0 + Produces - — „ which 
was the thing to be proved. 


Secondly to prove — 7b into — 37 gives + fe as] in DD. 12, 


Ler]1 4a — 7b — | 
Then | 2 1 ga = 976: us before 
But 3 — 32 - 7 
the 2 v3 is , — 124 = kl by b 


44210 $i — I24f + 216bf So. per Axiom 5 
Conſequently — into — gives + which was to be ous. : 


FF 


3 


Or theſe may be otherwiſe proved by Numbers, | 


| e=13) forany. 
g Thus, — 2 13 and N = == 37 12 l | 
Then | a—b= ; c—d= 4 per Axiom 2. 


Conſequently, a—bxe—d=6X4= 24 per Axiom 3. 1 © 


e according to the Precedent Rules, will be, 


5 one of thoſe Terms muſt be Multiplied into all the Terms 


4 — cb. bd — da, which if true muſt be equal to 24, . 
Prof { 2 2 20 * 12 2 $46 ce A N14 22 168 : 


— 


— Bu . | da=8 X_20 = 160 


Hence, ac4-b4 = 312 per Axiom 1. 

And cb +da= 328 which being Mates; 

OR nm Leaves ac +- d — cb. — 4 — 1 88 — 3 — 8 e 
Iy ſnews, 2 


That into — Pede 
And 25 into — Produces . PE P 2 
ND XE D. 


| Note: If the Multi * confit of — Terms, then every 


OY 


of the Multiplicand: And the Sum of thoſe particular Pro 
_ dufts, will be the Product . As 1 in Common Arichme- 


* | 
„ < Examples. | 
41 3 : . 
1 * a [3 12 tha as | b T | 
| +4]: 2 — le = arial 
E | 
. WED . 3 — 46 | | : 
; 1 * 2 aaa == abb | Tea . EF 22 
7 2 C2 +4 aa 6. +6 
4— 2 = 5 | 4 ＋ 
= +244-+ 4 4a Fee N 
ee ee __+6a4 E ö 
1 X * — 


. 3 Ee 1 -o bbb 3 


8 


ro- 


507 


1 [31 — PY 
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Se. 4. Diviſion of whole Quantities. 


Diviſion of Species, is the converſe or direct contrayy to that 
of Multiplication, and conſequently perform'd by converſe Ope- 
rations. (As in common At it hme 2tick ) And admits of Four 

Cafes.” : 
C fe I. When the Quantities in the Dividend, have like Signs 
to thoſe in the Deviſer, and no C efficients in either; Caſt off or 


| Expunge all the Quantities in the Dividend, that are like thoſe i in 


the Oluiſor; and fer down the other Quantities with the Sign 


+ for the ens required. 


d ed 
+a [+5 | a+b_ _ 


Gift 4. When the Quantities in the Dividend, have ts 


Tun; * | 482 25 1 ad+b1| —ad — 15 1 


| $i;ns to thole in the Dic2ſr; then fer down the Quotient Quan. 


tities found as before, ** th the Sign — before them. 


Tha | 


+ ab 
= j 


3 
2 


8 re —4 | 


abc ** U 5 


—be 
AM =. 


c 3. If the 3 in "ahi 15 and and rot. 
haye Co-efficients; Divide the Numbers (as in Common A- 


rithme niet) and ro their FRO . the Ron Names 18 


Hen, 
15 | | 42 b 1 1c 
— 05 5 TE, 16 FaF-. 
{—64_ 7 af ET 4s —79 


Note. When the Quantities and Co cfficien: 's in "whe Blok 
{ir and Dividend are al the ns the Quitieur Will be an 


Ut or 1. | 
Thus 1 2 4 . i | 2 12 22 TY 
142 1 12 e e . 


- — 


"I 


Caſe 4. When che —— in che Diviſer cannot be exa Aly 
found in the Dividend ; then ter them both down Un *e A U 4 
Frack.on As 17 Co amen Arithmet ic. 


x -- 5 


154 -- __  __ 


1 en 0 8 be 5b aa | } Bade 

Thus ais 5 | 34 | | 5$d4+7b | | gabe 

3 | | 3 $ 5b+-4 | 24. 
77.9 $49 b . 5 29 EX 


3 1 5 — 


| 1 B. In Diviſis on one thing muſt be very carefully Aero 4; viz. 

that ble Signs gives ＋ and un ile Signs gives — in the Quo- 

tient; which needs no other Proof than that already laid down 
in the "laſt Section, if duly compared with what bath been ſaid con- 
cerning Multiplication and Diviſion, in Vulgar Artthmetick, 


Examples of Diviſion at Large. 
[ 1] 21bat$1 — me 1 34 


2476 + 54 - © - 3 
234 ELL. 5 55 
. SO — 35bf — 254f (—5f 
NOT 


| 4— CO 0 

13 . = theQantientcol ed from the 3. IP be Sten. 
7 Or Di viſion of Quantities may land as Numbers | in i; Commer 
 Arithmetich do; Thus . 
by * 6) S4. 9 CHL 


8444 1 2444 


0 1244496 | 
e eee en | 


| —+2444—96 
1 
＋ 482 "I 
— 
N 


That is, G- 9 * 46-4 gives 2448+ 444484416 
= the Quotient, as may eafily be proved by Multiplication, viz. 
2484-4-446--$84-16 * 34 — 6 will Produce 64. — 96 and ſo © 
tor the reſt. | 


Seb. 5. Involution of whole Quantities. 
 TInvwoluticn is the Raiſing or Producing of Powers, from any pro- 
| poſed Roc. and is performed in all reſpects like Multi plication, 
lave only in this; Multiplication admit: of any different Factors, 
bu: Ind lution ſtill Rotary: the lame. 


Exam 


16-3]3] 84⁴⁴ 


do 


*» — 
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— 


ED. Examples, 
[! 11. —— 14 — . _| the Root, or ſingle row, 
i & 212144 nn HER ＋ 4. | | as | Square, or jc cond Power. 
1831344 _ —aaa | C ube, or third Power. 


I &- 414 al ne | "F144. . Biquadrat, or er gth Power, 
1 & 515144444 | = a4iad Surſolid, or 5th Power, &c. 


Note, The Figures placed i in the Margin, after the 81 gn (S8) 
of Involution ; ſhew to what height the Rot is Iivoived 3 and are 


called Indices of the Power ; and are uſually placed over the Invol- 


ved Quantities, in order to 'contratt the Work * wh: n 0 . 
Powe te any 2 high. 


0 4 = „„ 40 
TL 22 
a a4 1 2 con ibdes- 
x _ . aacbbdddd &c. 


0 4 Daaaa 


: 1 hi e have Co eficiencs, the Co- ei cients muſt be 7 
I inzolved 1 * che e As in  thele. 5 8 


18-212 448 Iz 9% . N 
— 27414 1256bvcce 

— 814444 9 625 % - 
— 2434 31280" <* Sc. 


18.441 64 
I 'G515 3244aaa 


Wee of e Quantities is 3 in 1 3 
manner, due regard being had to cbeir Signs. and Co. ejicients, | 

if there be any. | 
Ass for inſtance, Suppole #6 were e given t ro > be n o 
the 5th Power. 


Tt | 1-77 - oth. Called a Binom: 4 Rev. 5 


: 1 4 4 
1K 442 n | 
1* 603 TIA 


1 ls 4| _m_— the Squer: of TY 
4X 4 | 3 aaa IIa 1 | 
4 x b 6 ö + ab +2abb4-55b. „ „ 
102317 eee he be Cube of 6+ w 


» & „  Þ 


— - 
4 4 — — 


[ 


x56 
5 7 444 -＋ 34 - 34bb CC e 
2＋3 b-l-34abbo 4 ö 
+ ab + 34abb S-34abbbpb+e 
4 Ty 30 6aabb-|- 4abbb +4 


ice | 11 | I bi erbbagub tab 


Part ll. 


10 * h ab 440 -U 
| 18.5 8 a 


ze now bbroaab+5abr Ft 
Again, Let a — b, called a Reſidual Rot, be given. 
| 251 1462 r 


— 


333 — ab LU 55 8 
1882 4! aa 3 the Square of 2 55 


24 51 444 — 2240 + abb - 5 | 
_ 1&3 7 1 aaa — 31ab 

goes th | 77. 
11% 81 44% — 34% + Jaabb — %] 
7e + 3eabb — 3abbb o bbbb. 


Wo oo Lande: qaats coeds cant; pac 


- 


: 3 oy 5 — 44 7 T 52555 25 . go - = 
10x—b[i2]__— ab + 4% bb— Gaul 440. — bi 
105/13] @— 54% bÞ 104ibb — 10445 ＋ gabs —bs 
ne | %% Wi Þ 

y comparing theſe Two Examples together, you may make 

the following Obſervations. * a = 2 2 nA - 
I. That the Powers raiſed from a Reſidual Root (viz. the Diffe- 
rence of Two Quantities) are the ſame with their like Powers rai- 
| fed from a Bizomial Rot (or the Sum of Two Quantities) ſave 
only in their Signs; Viz the Binomial Powers have the 5. — 


to every Term; but the Reſidual Powers have the Signs ＋ and 


— znterchangeably io every other Term. „„ 
„2. The Indices of the Powers of the Leading Quantity 
(]] continually decreaſe in Arithmetical Progreſſion ; viz. in 


+ Jabb n the Cube of « -b. 


9 


Chap. 2. . of 88 "> 


the he Square it is 44, 4. In the Cube aaa, aa, 4. In the Biquadrat 
it is 4444, daa, aa, a, 8 

3. The Indices of the other Quantity b do continually increaſe 
in /rithmetical Progreſſion ; viz. In the Square it is 5, bb. In the 
Cube b, bb, bbb, In the Biquadrat it is 6, bb, bbb, Fbbb, &c. 

4. The forſt and laſt Terms, are always pure Powers of rhe 
ſingle 2uantities, and are both of the ſame height. 

5. The Sum of the Indices of any two Letters joined together 
in the intermediate Terms, are always equal to the Index of the 


bi gheſt Power, viz. of the firſt or laſt Tei m. oo 
Theſe Obſervations being duly conſidered, it will be eaſie to => 
Conceive how the Terms of any propoſed Power raiſed from a Bi- 4 


nemial or Reſidual Rot muſt ſtand, without their Unciæ or Nu- 
me/ al Figures. 

For —_—_ luppoſe it were fequinad to Raiſe the W 5 
Root a + þ to the Seventh Power ; then the Terms of that ns 
oy ſtand without their Uncia' 5 in this Order. by, 


Viz. „ 241 as B. + * * . e ＋ 15 


And dernen the Uncie (nor only of any / f ngle Letrer, bur a 
alſo) of every Single Power, how high ſoever it be, is an Unit 
or 1 (which neither Multiplies nor Divsde:) and all the Powers of 


any Binomial or Reſidual Root are naturally raiſed by Multiplying | - 


of the Precedent Power into its Original Root, which is done by 
only joining each Letter in the Not to the Precedent Power, wich 
its Uncie, and then removing the ſaid Power, when it is ſo joind 4 
to the Second Letter, one place forwards ( either to the Left, or 

Rigbt Hand) it muſt needs follow. 


That the Unciæ of the Second Terms (in any ſuch Power) wil 1 


always be the Sum of fo many Units Added together more one, as 


there have been Multi plicat ion: of the firſt Root ; which will al 
ways be determined by the Index of rhe firſt Term in the Power, 

Arid becauſe the Uncia's of all the intermediate Terms, are on- 
ly removed along with their Lerters, it allo follows; that if they 


are Added together, their reſpective Sums will produce the true 
Uncia's of the intermediate Terms in the new Raiſed Power. As 
doth plainly appear from the following Numbers ſo removed 

withour their Letters ; which both ſhews and Demonſtrates an 


eaſie way of producing the Uncia's of any Ordinary Power (viz. 


of one not * 7 0180) — from ener 4 a 3 or 3 | 


Rove, £ 


This 


— — 1 rl i 


The two Uncia $ of the firſt oy 


The Uncia's of the Square. 
3 | 
1 re, . The Unci' of FRY 


Oh REA 6:4: 1 : The Uncia's of the ab Pow: 
Add 4 1 5 ˙10 4 s . 1 


0.3.10 10 = Y 7 Uncia'sof the 5 b Power: 


7 Add 3 5 py HH 20 as, 3 - 1 Unciasof the 6b Power: 
; 3 3 20 15 6.1 = 


5 7 41 33 4 1 7 ys Oncie of the 7 Po 
| And 10 on in this manner 4d infinitum. . 
Now if theſe Numbers are preſiæ d to the l Letters, all 


55 | q the Terms will be compleated wah theie n Uncia's, and 
will ſtand thus; | 


„H 74% +21 10l· +3 EY 3 abode 1b T ab 


But chat the buſineſs of finding theſe Uncia's, may be rendered 

yet more eaſie for Practice, it will be convenient ro conſider 

_ whar Series or Progreſſion, rhe Uncia' s of each Term 0 . 
From the aforeſaid Additions. 


13 8 [2282 12 .[2g(2g 
: — 2 SRI = 
SE | EE SS ME d 
S>8 | o& [oFffes|aREfeSlEc 
28. 32 22 = — .D * 2 8 88 o 
EO] ES |SEE}EE|2Sj2H[= >| ma | 
SS |ag [SERIES Sejpsng 
2 1 - *T 55 1 | — th gle Duan 
TW. SS +. "+ WE By 8 Docia 's of the Square, 
ES [CEE Cn 
F 22 8 a. . e ee e power. 
1 5 10 10 1 GT 2 7 3 5th Power, 
nb | 2— 2 - os: | 6 $E & ____ Vn6ia's of the tb Power, 
N 7 1 I Vncia's of the 7th Power, &c 


The Uncia's = the *. Tem is only a Series of Units, whole 
N Sur every where the Uncia's of the Second Term. 
Ihe Uncia's of the Second Term, is a Series of Numbers in 


Alriebmetick Progreſſion ; whole Sum is every where the The 


of the next Superiour Power in the third Term, ma he 
ſound by Propoſition 1. Op 6. Part 1. 


A N = 


cia of every Term may be eafi 
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That is, in the 77h Power it will be the 6 TI Xe Fo OW 


Uncie of the Third Term. + pn 
The reft of the Uncia's are a Creamed Se ies, whoſe re- 


| ſpective Sum may be _—_— from the Uncia s of their Peer 


dent Terms. | | by, 
Thus 22 2 = = "Then 2—5 "ey BU *4—35. Aguin 253 u | 
An d JE x2 - OY 7 Ce. 


From 5 may be deduced chis General Rule. 


Aule. 5 


1 the Index of the 25 Letter of any Term, be Muleiplied 1 
its own Dnciæ, and that Product be Divided by the Number of 
Terms to that place ; the Quotient will be the Vncie of the next 
ſucceeding Term farward. | == 

That is, by the help of thoſe Indices 4 belong to abs fs 
ral Powers of the firſt or leading Letter only ins a) the true > Un: 5 

fly — | 5 © 


Examples. 


E 1 it be required to compleat all the T. n of ts TRE? } N 
ſeveral Powers, viz. E * . 


wich their proper Uncia's. ; 
1. The Index of a? the Firſt Term will be che Vncia of the : 


Second Term. Thus a'=+74b, Oy 
2. Then half the Second Terms Index into its Vacia, - 


Fiz. 7 1 21 will be the Third Terms Tycia. 


: | Thus 04-14% +a will be the three firſt Terms. = 


2 Again — X 211 —35 is the Uncia of the fourth Term. 5 


Then it will be eb +3500. 
4. And . 35X4—35 will be the Uncia of the fifeb Tom: 


4 : 
Then aided ＋ 35445 ＋ 3325. Se. until all 
the Terms are compleated with their reſpective Uncis 1; and 


then they will ſtand 


Thus e Kue 1 8 
e 5 8 


"I ——-— 


Nou here it may be further ob ſer ved, that the Uncia's do only 
increaſe until the Indices of the two Lerters become equal, or 
change places; and then the reſt of the Uncias will return or 


decreaſe in the ſame order. That is, wherever the Indices of 
the Letters are alike, there the Uncia's will be alike. 


And therefore one needs to find the Uncia's (as before) but to 
Half the Number of Terms in , 
I f what hath been here ſaid, and the Work of the Example 
be well underſtood, I preſume it will be found very eaſie to 
|. Raiſe any Power from a Binomial or Rſidual Root, to what height 

you pleaſe; without the trouble of a continued Involutzon ; and 
wirhout the help of ſuch a Tabl: of Powers as is propoſed by 


Mr, Oughtred in his Key to the Mathematicks, Page 40. and 


J;ö;i „„ 
Nou from theſe Conſiderations it was, that I propoſed this 
Method of ra ſing Powers in my Compendium of Algebra, Page 57, 

as wholly new (viz. ſo much of it as was there uſeful) having 


then (I profeſs) neither ſeen the way of doing ir, nor ſo much 


as heard of its being done. Bur ſince the writing of that Tra, 

1 find in Dr. Wallss's Hiſtory of Algebra, Page 319 and 331, 
that the Learned Mr. I/aac Newton had diſcovered it long be: 

fore: which the D:£or ſets Gown in this manner. 


ler be the Expinent of the Pine. 


1 8 7 — m—I m—23 m 2 5 
N · - Ä 6c 


FTT 


Will be the Series of the Uncid's required; but he doth not 
tell us how they came to be firſt found out, nor have I ever 
met with the leaſt hint of it in any Authko . 

Sͤ'ect. 6. Evolution of whole Quantities. 
Evaluation is the Extracting of Roots from any given Power. 
That is, it is the Converſe Woik to that of Involurzon, and in 
Single Quantities it's eaſie, if the given Power have ſuch a Root 

as 15 required, which may be thus known. 13 
If the given Power have no Numbers prefix d to it, and its In- 

dex can be Divided by the Index of the Root required, the Que 

tient will be the Index of the Root ioughr Fe 


bus, If the Cube Root of aaagas viz. a5 were required (the 


.- Index of the Cube is 3) then 3) 6 (2. That is, 3) af ( 
the Rpor required, And ſuch Operation] are uſually fer down 


Thus 


Ot 
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Thus 11 5 as. | 4 7 55 F | 4 65 4 
1a = 4 12 | | 1 5 RIF 


| 4 
1 un 4 — aa IG . | 4- add aabbdd 
EY 


393 | a8 . | 1 . 


— —D— 


| Note, the Figures placed in FO Ae after the Sign (us) * 
Evolution; denote the Index of the Noot to be Extracted. 

If the given Powers have Co-efficients : (viz. Numbers preſi x d 
to them ;) then you muſt Extras * hs as in 
* 3 | | 


Thus I +: | 12964'þ L 3 | 

- "12 | 3 | 364 | | | 144aabbce. 
Iwiſ3j —.— 4. ES, G? 12abe 

| Wot * _6aabh 7 1240 


——_ ——— 


But if the Root So cannor be BY Extrafted our of both 
the Co-efficients and Indices of the given Power; then it is a Surd, 


| and muſt have the Sign of the Root required prefix? d tO it, 


he x6 4 614444 © — 216, 
I 2 | ae [2 16bbbadd © 
—3 EE | ee wa _66d | pt 


8 


| Evolution of 8 Quantities or . is a ; licrle more 


troubleſome than that of Single Powers; and would require 4 


great many words to Explain the manner, and Reaſon of form- 
ing the ſeveral Caxons, that are commonly uſed in Extrafting 
the Roots of Compound Quantities ; eſpecially if the Powers be 
very high, &c. I ſhall therefore for brevities fake omit them, 
and inſtead thereof propole an eaſie Method of diſcovering the 
Rocts of all Compound Powers in general; and in order to thar, 
it will be neceſſary to premiſe ; that if either the Sum, or diffe- 
rence of ſeveral Quantities be Involved to any Power, there will 
ariſe ſo many ingle Powers of the ſame * as there are diſfſe: 
rent Quantities. : 
As for inſtance, if a+b 4-4 be fa uared; tharis, he Joann | 


to the Second Power, it will be Ta Tal tb Calf, 


here yon have aa, bb, and dd. 
N if PE A b + 4 were 1 viz. W to the 
Third Power, then you * will have aaa, #bb, and ddd; in 


ug Ee, | 
* 8 8 Wheoce 


26 VVV 
W hence it follows, that in Extracting the Mots of all Cam- 
pound Quantities, there muſt be conſider d, . 
1. How many differeuc Letters (or Quantities) there are in 
the given Power. 8 0 
2. Whether the ſingle P:wers of each of thoſe Letters be of an 
equal height, and have in them ſuch a ſt-gle Not as is required: 
Which it they have, Extract it as bzfore, 
3. Connect thoſe ſingle Roots together with the Sign Þ and 
n dolte them to the fame height with the given Power; that be. 
ing done, compare the new Raiſed P wer with the given Power, 
and if they are alike in all their reſpective Terms, then you have 
the Root required ; or if they differ only in their Signs, the Rut 


: : may be eaſily corrected with the $ign — as occaſion requires, 


Example 1. Let it be required to Extra the Square Root of 
cc +2 b<— 2d +bb—2ba ＋ dl. „ 

In this Compound Square there are Three diſtin Powers, viz, 

Ib, ce, dd, whoſe ſingle Roots are b. c, d, wherefore I ſup- 

poſe the Root ſought to be b+c d, or rather bc —q, 


beecauſe in the given Power there is — 2cd, and — 20d, there. 
fore l conclude it is — 4, then b + c—d being ſquared, produces 
bb + nbc — 2b4 ce — 2c4 ＋ dd which I find to be the ſame 
in all its Terms with the given Power, although they ſtand ina 


e Paſition; conſequently b e is the true Root re. 
JJ 8 „ e ih 
I Example 2, Tis required to Extract the Square Root of 
4 — 224bb +b+*, Here are but two fingle Powers, viz. 4. 
and 6, whoſe Square Roots are an, ard by, And becaule in 

- the given Power there is — zaalb, therefore I conclude it muſt 
either be 44 — b, or bb — aa, Both which being Involved, 
will produce 4 — 242bb - conſequently the Reot ſought 
may either be aa — bb or bb .-. aa according to the nature or 
defi of the Queſtion, from whence the given Power was pro 
Example 3. Let it be required to Extract the [quare Root of 
 36aaaaÞ1084a+81. Here the Two ſingle Powers are 364444 
and 81, whoſe Roots are 642 and 9. And becauſe the Signs 
ate all þ therefore I ſuppole the Root to be 64a +9, the which 
being Involved doth produce 334. + 10844 +81, conſequently 
6 i the nieder ehe dt. 
Example 2; Suppole it were required to Extract the Cube 
Net of 125444 + 3coage — 45044 + 250488 — 72048 + 
 Caece f 5404 — 2886 ＋ 4326 216. 


oy 


Chap. 2 
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In this Example there is Three diſtin Powers, VIZ. 12 5444s 
64720, and — 216. . 


The Cube Nur of 12 zaun is 55 Of 6 gore is 4* and the Cabe -” 


got of — 2186 is — 6. 


Wherefore I ſuppoſe the Root ſoglt to bb 54 + ge — '6 . 
which being Involved to the Third Power, does produce the ſanas- . 


with the given TIO — 54+ 4 — 6 is the cube 


Ra required. 
Bur if the new Sram r, raiſed forma the lopmfed Root being 5 


ue to its due beigo:) ſhould not prove the {ame with be 


iven P wer, viz. if it hath either More, or Fewer Terms in it, : 
Se. Then you may concud? the given P.wer to be a Surd, and 
muſt have its proper Sign prefix d to it, and cannot be other 15 


wile exp /d, until it come to be evolved in Numbers, 


Exam 'l: 5. Suppoſe it +: 0 . to extract che Cube 
Nr of 27444 C5404 C 804 


Here ate Two diſtinct and pe % a Cubes, v VIZ. . 27444, and 2b, 
whole Cube Roots are 34 and 26, | 


- Wherefore one may ſuppoſe the Root ſrughe to be 3, 3-2 125 
which being Involved to the I ird Power, is 27444 + $4baa + 


35bba + $506. Now this new R:i/ed Power hath one Term 3 


(viz. 36 0b] more in it than the given Power hath; but this be- 
ing a perfect Cube, one may therefore conclude the given Power is. 


not 10, vi q. it is a S d. and hath not ſuch a * as Was a5 required, 
but muſt bz expreſs d © cr {er down. i 


Thus u TT I Tabs ＋ 77M 5 


If theſe E vamp es be well underſtood, the 3 will find . 
it very eaſie by this Met od of pr apa, + to 45 cover the tru⸗ ** 
of any 1 given # Power wharlocver. . : 


CHAS. III. 


* Nlgebzaick Fractions, or Buben Quantities; 


Sect. I. Notation of Fractional Quantities. 


Fractiona Quantities are expreſsd or let doun like Valga ; 
Frattions in common e metick, „% es 


- 2b hs - Nameraters: 
Thus 4+ 4 44 7 Denominatori. „ 
FFT 


| 8 . „ Poe 
| w_ low they come to be ſo, ſee Caſe 4. in che laſt C'1pter of 
| 


5 Divif ion. Theſe Fraftional Quantities are managed in all ref. 
: pecti like Vulgar Fractiont in Common Arithmetich, 


Seck. 2. To Alter or Change different Fractions i in- 
to onè Denomination, retaining the ſame value. 


Huſle. 


Mule? Þ'y all the Denominators into each other for a new Dow: 


z ninator; and each Numerator into all the Denominators but i its 
Own, for 1 new Numerators. | 


| ; 5 EY b 
Let it be required to bring -;- ee e - Deno- 


; c mination 
Firſt 4%c, and d xb, will be the Numerators, and bx 


| will be the c Co mmen Denominarar, Viz, ie and 5 are the 
Two Fraftions required. Thar 1s and id 4 


50 8 — „ E 
ebe Reh into one Denomi 


3 4 ; £4 Rd: | Os nation 
And they Le . _, ad—ac Lbd—be 
; will be | Ru tbo—ca—od and 62 T eee Kc. 


: Again, let d 


5 Sch. 3. 10 Bling whole Quantities into Fracions 
0 0 a siven Denomina 710. 1 


Aule. 


| WY ah the whe! > Quantities in: 0 the given Denaminater: far a 
© Ivumerator.; under which /ub, crave tele given ne n 
| bel ave che 2 Fratt;on required. 


Examples. 


1 et it be required to bring a + into a Fravion, whoſe De- 

monnator is 4 — 4. Firſt 4 by b * d— 42 is da + bd — 44—bs 

oe... ud: EE v4 — 44 — | 
Then 


is the Fraction required. 


-"S 


Again 4.4 will be © 24 And % „ will be 
benen ee - = Aiſoa +53+ + +1 will be _244 


When 


„ 


* 


0 
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When whole Quantities are to be ſet down Frattion-wiſe ſub- | 


jon an Unit for the Denominator. 


44 — - bb 


= 


Thus ab, is - And aa — . bb, is 


Sel 4: To Abbreviare or Redute Fraftional Quan: 


ities into their Loweſt Denomination. 


Mule. 


| Divide both the Numer ator and Denominator by bets greateſt = 
common Diviſor, viz. by ſuch Quantities as are found in both; 3 ; 4nd Ee 


| their Quotients will be the Fraction in its — Term. 


aac - aa abbb . bb 
Thus e, 3 IT bh And —- abe in Alſo 4 | L 
In a f ingle Fraft;ons as theſe; the common Diviſors (if FER | 
be any) are eaſi/y diſcover'd by inſpeRion only; but in compound 
Fractions ĩt often proves very troubleſome, and muſt be done ei- 
ther by Dividing the Numerator by the Denominator, until no- 


thing remains, When that can be done: Or elſe finding their 


common Meaſure by Dividing the Denominator by the Numerator, | 
and the Numerator by the Remainder, and 6 on as in n Vulger © 
Fractions (Sect, 25 Page 51 * | | 


| | Examples 
W | 
Suppole e were to be reduced Lower. 
Then ed d; ae a4d* "KF che Frafion required, 
A | GE —— | b 


In this bs Reads it ſo happens that the Numerator is Divided 5 


juſt off by the Denominator ; but in the next it's otherwiſe, 


and requires a double Div; 1 on to find out the common Me- | 
ſure, Viz, Let it be ERS. to Reduce 444 — abb 


to its Loweſt Terms, os a Tt 246 + 4 . 


Firſt . aaa — 475 (a 


aaa LA + abb | 
——2aab—2adb the 3 


Tien . — 40) 1 * 
; 3 2 — 


2 ab 
e "ITT 
 ab+bb 


ONE”. : 


= | Hence 


A. 


— aa 1 + ab the Numerator. 
—— the Denominator. - 


- | all hs Seen, and i it will be 2 


. — — 8 py — 


: 166 as - Algehza. „ part ll. 


212 


— 


tence i it appears chat — 2416 — 2abbis the common Meaſure ; 


by which aaa — abb being Divziaed. 


Viz, — 244b — 24bb) aaa — abb 


aaa + aab . 8515 


— o[— —— 


— — abb 
— #40 — abb 85 


e 


Then. — 42 — is 5 the v New Numerator, 


: 0 *.—; I — 5 is 6 the New Denominater. 5 


2272 142. 3 +: b che Numerator. 


220 | But | 
| the Denominator. 
40a — 20 


Let both be Mul:iplied with 204 and you will hare 


Or clangint the Signs of 
wa the New Fract ion re. 


2 "A abb 


Thar * FF aa Þiub bb 


hb. 


1 * it wy 3 ro Reduce TT IP The je 


mon Meaſure of this Fra#ion will be the eaſieſt found (as 
_ appears from Ry by Proven the Denominator by the Nume: 


rator, &c. 
Thus 4 —bb ddd — lüb Th 
444 —bbd. 
FH) - 

„ df by * 2 

+ - 

= 

3 0 


Hen ace it 3 that 2456 is the common | Meaſure chat gy 


div. EC bach the Num: 2x ator «nd the Denominator, 


: *. 
„ 


+ R - qa 


1 . Conſe= 


| hare. 


ls 5 "Or 7 Frattional Dnantitis.” 2 


Saen 74 —bb) dd — bb 4 * I, is the New f Nume- 
dd — . db Y . _ rator, 


= 1 
. — bb 


© | 0 


And 15 — TY 2a — % iT Tor tha New Denomine- 


1 3 55 
dab — b 


+ big 56h 
Bd -- bbb 


—  — 5 


Let both be Muleiplies with j _ then you wil. 
db the Numerator. & the Fraftion 


Wy +64 + 5 the Denominator. required, 
But if after all means uſed (as above) there cannot be ound f 


_— EE 


c . ; 


me common meaſure to both the Numerator and Denominater, eg 


then is that Fraction in its Leaſt Terms already. 5 
Note, Theſe Operations will be beſt underſtood by a L earner rr after 
be bath paſt through Multiplication, and Diviſion of Fr actions. 


Seck. Fo Addition and Subſtracion of Fractal 
Quantities. 15 
Te given Frafiians being of one Denomination, or © if they are 


not, make chem fo, per Se ct. . Then 


' Bule, 7 


l or - Subſtra® their Numerators, as occaſion requires, 3 0 N 
| treir Sum, or Difference, Jubſeribe. 98 6 common . As - 


in . gar Fractions. 


e Examples i in Addition. . 
11 a+ b | e 
1 [ VVV d Þ a 
[| 4 24 + | [= e+b —& 
| | * yy — #270 — 2 
5 aa 1 + | a + | 
1 72312 . os 124. 1 2 


. — 


| $48.6. Multipliration of Fra#iovs! Quantities, 


- Thus { |: | 


. Examples in Subftrartion. 
e 1 5 
14 UN Pb —a — * NON 


Firſt prepare Mix'd Quantities (if there be any) by ming 


them improper Fractions, and whole Quantities by ſubſcrib * an 
Once under them. As * Seck. 3. Then | | 


Kule. 


| Muleiph Py Numerators together for a new Numerator: And 


1 Denominators together fr a new Denominator. | 4s in * 
. TN EE e | f 


7 . 4254 = | - 1 3 3 IF 
OY - — 


- thine it were . to Multi ls 24 +2 — TD 25 


With 3b + 4. Theſe Os” for the Work (per LE ) 
i will ſtand 


; | — : 25 4 þ — -250 


9 2 3b þ 4c 4c 
RE | 


" . — 


— 


. B. 


| be + 2—— nbc 825 4 abc — Tober 


;) 


Chap. 3. Of Fraitional Quantities, - 159 
N. B. Any Fedion i is Multiplied with its Denominatar by caſt- | 
ing off, or Taking che Denominator away. 


ma x. gives l. Port, = bs 3 the 
5 


Se. 7. Vivi on of Fact an Bunten 


The Fractionai ps being —— d, as 2 in the 


* Skin. | Then 
Aue. 


| Mubeiph the Nor aver of the Dividend, into the Dee 5 


of the Diviſor, for a new Numerator ; and Multiply the other two 
tegether for a nen Denominator. As in Vulgar Fractions, 


1 "Songs 5 8 
1 wth be Divided * — ” the Work may ſtand | 


. pas _ 4 2 

* 5 pr Sees 

0: Thus Tm 40 1 a + : 44 — ll 
1 | 5 7 4 — EM - 


Ts | _- OW de — ao . aaa — 2 3 
rde it were 3 ro Divide aa PI 5" * 


By @ 4- 5. Then the Work prepared will tank 
Thus a 4 by 44a 23 + 3aby = F by 
1 _ + 3b | 
a ba TA 4 ＋＋4 5 (per Seck 4). 
When Factions are of one Denemination, caſt of the Dens? Th 
ninators, and Divide che Numeraters. e = 


Thus, if 7, were to be Dieided is LE it will be 
5) 4b. : (4 the Nen requied, | 


— 


| For - — 2 "GE n 1 = ab þ (per ger * 


* 
| 10 TY it were ai to Divide 227 | 


py 2. 2 + ae 7 — 4 in boch, it will be 


270. HR 8 Y — 3 Parell n. 


3 * 444 ER - bb (x7 "= 


se. 8. Involution of Fullional Nrantitien 
TT I 


- che the Natwey arr into it ſelf, for a new Naiwerater ; and 
| the Denominitor into it ſelf, fer 4 new Denominater 3 5 each , a 
i rs as s the 9 95 Tues. | EY 


1 5 1 B 44 4 
3 „ 2. 

© ao” Sa | 2 15 a; | 77 A 
„ 1 "4zadd. 413 — 2acpce 1 
5 163 — | 2 "BEG 5 27 becc bbb + 366d + 2 
bw DS | Bazaddd aaa — 34ac + Z4ce — CCC 


Seck. 9. 3 of Hadi S 5 


I the Sr aces and Denominator of the given Fraction, have 


each of them ſuch a Root as is required ; (which very rarely hap- 


pe.) Then Evolve them; and their reſpe&ive Roots will be the 
- Numerater, and Denominator of the new Fraction required, 


Lell | aa+24 ＋ 75 
oe. . LY 2 


SIEM 8 n 


Again 1 27a4abbb | aaa + =, — 1525 + 125 
r 2 A 


ds Is | W . 75 = 4 — 5 5 


| Sorerimes i ir fo falls. our, char the b may bare 


— a Nor as is required, when the Denominator bath _ 3 
| Or 


% 8 
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Or the Dar may have ſuch a Nor, when tbe Numera- 
cor hath not. In thole C aſes the Operations may be ler cen g 


Tho "+a | 442 + 4b — 44 5 
0 I” 25 . b 24 ＋ 1 | 
| Ao 45 — + abb— . dd ö 


— 


1 when . the Numerator, r nor - ihe fea have ER 


| juſt ſuch a Root as is required; prefix the Radical S. n of the 


Not to the Fraction; and then it becomes a Surd, as in the laſt . 


Keeps » winch N me to the dußnen of . Surdi. . 


CHAP. IW. 


Of Surd Quantities. : , 
The whole Deftrine of Surds (a5 they call it) were it fully 


handled, would require a very large Explanation (to rendet it 


but toler ably intelligible) even enough to fill a Treatiſe it (cli; 


if all the various Examples that may be of ule ro make ir alte 2 
ſhould be inſerted; without which it's very intricate and trouble 


ſme for a Learner to underſtand. But now theſe tedious Redu- 
&ions of Surds, which were heretofore thought uſeful to fit E- 

vations for {uch a $ lution, as was then underſtood, are wholly 
laid aſide as uſeleſs : Since the New Methods of Reſolving all ſorts 
of Equations renders their Soluticn equally eaſie, alcho' cheit . 
Powers are never ſo high, 3 

Nay, even ſince the true uſe of FO La e hath been 

well under ſtond, the buſineſs of Surd Numbers bas been managed 
that way ; as appears by ſeveral inſtances of that kind, in Docter 
IWallis's H:ftory of Algebra, trom Page 23 to 29, 


[ ſhall therefore, for an [ake, paſs over thoſe redious 


R-duftions, and only ſhew the Dung Algebraiſt how to deal 
with ſuch Surd n as may ariſe in che * of bard 5 


Qeſtions, | 
Seck. oy | Addition, and Subtracion of Sard - 


Quantities. 


cee 5 | When he Surd Quantities are Homogene al (vg. 


are like ) Add or Subſtratt che d. Part, it they are 
2 3 joine 


2 * 


1 3 3 | Part If Ir, 


joined to any, and to their _ or Difference, agen, the Ita: | 
. tional or Surd. 3 


! in Addition. x = 
11 5y/ be = 6b 7 8 b aa + cc 
ny 2D A. 222 — 


542121 12 Le 5 _Job 2 5 l 
— 44% aa . be TY: x aa 


q 3 4 3 C — ,a cc | 35c 5 aa F « 
1 FEET 


1 +2131 5434 as TOA e 


© Examples | in Subſtracion. 


1 ugh. | 10 , . * 
| Fe Ba! N be | 48 | 4b \/ _— 177 — how + 


[ "a . be e = _HN 2 Ker 
5 | 4 a FL 14 4-8 FA L 

2] 44 / e — Ja — | 3bc Jaa +4 +4 
T aw 3 4A 22 b4- 2 4 be "A 44 +4 


: WY 2. When the ard Quantities are Hagman! (viz. abuts | 
5 Ind: ces are un i they are only to be Added, or Subſtrafted by 
their 5 gut vic Or os Aud from thence will ariſe oh. 


5 either B71 5 or Re/idual. 


„„ Franpl les i in Addition, : 
. | wie | 125 8 ſac—ba 
1 Iz . Ne be 


om 


— th. Ad ens 


Examples in Subſtracion. 15 
| {| the Jo -— > Tas ea ; 
tl . 5 A EE 
I — 1 34 EI 2 — "> . — ＋ 2. — 


Se 5 


| J.-F3 | 3 2 ws LE LN 1 


aaa IIS 


II! 


Chap. 4: Of Surd Quantities. | 2 


Sect. 2. | Wultiplication of Surd Bnentities, 


Caſe 1. When the Quanzities are Pure Surds of the ſame kind; 
Multiply them — and to their * Om their ** 


ell Sign. 
abs. 5 : 
4 Ahab de a, 1 
5 J 3 : A bb 
1281 3 ET a . beaa 1 5 dcaa Fr. — S5 : | 


Caſe 2. If Surd Quantities of the ſame kind (as before) a are 
joined to Rational Quantities ; ; then Multiply the Rational i into te 
Rational ; and the Surd | into the Surd, and Join their Prodults | 
— ä 8 


7 Karbe. 5 . 
bk | dF | yh 
. k | FN 2 0 Ja IE . 3 
1 * |; 1 £ — 9 2 D | 75 ab ö ” 


Seer 5 Divino on of Surd 3 : 


Cafe 1, When the Quantities are Pure Surds of the ſame kind, 
and can be Divided 0 (viz. without leaving a Remainder) Divide 5 
oy, and to their ( Votient prefix their Redrcal . EH 5 


| ne Examples. 5 
: [7 | x/ ba 0 bear + Kun = a Lob 
25 * e = Gs | _a/ aa 2 — bb 8 
1 —2 13 1 — TH - at 2 


LY 


"Caſe It Surd Quantities. of the ſame kinds are i to Ra- 
tonal Quan: ties; then ¶ vide the Rational by the Rational, if 
It can be, und to their Quorient, join the Quotient of the Surd, 
Dicided * ths Surd, with ics firſt Radical us. | 


Example. 1 
1 34% O lee | 15cds Vea IF nz | 75 5 yah 
F 3 
122131 dybc 3 [PLES — *. 


— bn g det. l 1 r 4 — — — — -— enowd — — " Py 
— — ——ñ EAZ—ᷓ— —— — are ae —̃ — — ——— — — — 2 WS — a — 
. 3 : «5 


- — — r : . _ 
ere? 8 : 


„ 3 — = par l. l. 


. 


Note, if any y Square be Divided by is Kor, the Quotient wil 


, Examples. . | 
[+ . bb + 2be + *] aaaa — 2bbaa "F933 bb 
| _ * bb + 2bc ＋ cot Vet — Db T L + 6 


"Ya +a]; ye 1 . Jah 2bbag pb 


* 


Seck. 4. Involution of Surd Sp : 


Caſe 1. If the Surds are not joined to Rational Quantities ; 


5 they are Involved to the ſame height as their Index — by 
only e away their Radical Sign. 


GERT Examples; 5 
| 1 * va | Jes 1 Laa a — J. — ts 
222415 | Leas = race, 54 — da 


Caſe 2. When the Surds are zee to Rational n 


Involve the Rational Quantities to the ſame beigbt as the Index 
| of the Surd denotes ; then Multiply thoſe Involved Quantities in- 
to the Surd Quantities, alter their 8 Sign is en away & 


| before. ; 
ED | Example: 5 = 
1 2 5 _ 4— 33ddes 2 — 5 . : 
5 | th” 8 - bb «| PR vb 
; 12 Jl; | abe | - 27 +: 224% 2 e | 


The Reaſon of only caking away the Radical 81 gu, as in i Caſe 1, 


is eaſily conceived, if you conſider that any Root being Inv. 
ved into it ſelf, produces a Square, &c. 
And trom thence the Reaſon of thoſe . performed by 
peas the ſecond Caſe may be thus Stared. 


Suppoſe ais Then V a=< 7 Fo Axiom 4+ and 


both * of the Equation being equally involved, it will 
be = Then Multi phing both Sides of rhe Æquatian 


55˙ 


into 55, it will become bog = =xx per Axiom W- Which Was 
| 0 be proved. £ | 


* | | Again 


—- 


* 


41 
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Again, Let 34 / ca x. TO * 2 — 54 
A 7545 Conſequently 2 5d = xx. 

' Alſo from hence it will be eaſie to deduce the Reaſon of Mul- 

phing Surd Quantities, according to both the Caſes, : For : 


| « 11 a= 
Suppoſed |; VS 8 —=X 
_ 16213 F=3x7 | 
FTE 
5 216 a = Ax. which was to be proved. 3 


be lf rh kane eite. 


- 


> Example 1. Caſe 1. 


3b N & 


V 
N 


243614] N42 5 


's | es . from what is proved above 
6X 34% 6 3 J bea x, &c. for „ 


—— 


Diviſion being the converſe ro Multiplication, needs no other 


0 


80 A P. V. 5 


Concerning the Nature of Equations, and how to pre- 


paare them for a Solution, = 


| When any Problem or Queſtion is propoſed to be Arahtically | 
| Reſolved ; it is very requiſite that the true deſign or meaning 


thereof be fully and clearly comprebended (in all its parts) that 
ſoit may be truly abſtra&ed from ſuch ambiguous words as Que 
ſions of this kind are often diſguiſed with; otherwiſe it will 

very difficult, it not impoſſible, to ſtate the Queſtion right in its 
ſubſtituted Letters, and ever to bring it to an Zquation, by ſuck 
various Metbods of ordering thoſe Letters as the Nature of the 
Veſtions may require, EH Ho es L 


| Now : 


= * l — Oy 
——ü—äñ— /Ʒ— — — CI Is - * — — — — 


— — — — WW oem. _— 
2 — . — 


7 i Parl. 


1 


No the knowledge of this difficult part of the work is only to 
be obtained by Practice, and a careful minding the Solution of lch 
Leading Queſtions as are in themſelves very eaſie. And for that 
Reaſon I have inſerted a collection of ſeveral Queſtions ; wherein 
there is great varietx „„ 
Having got ſo clear an Underſtanding of the Queſtion prope: 


ſed, as to place down all the Quantities concerned in their due 
Order, viz. all the Subſtituted Letters, in ſuch Order as their Na. 
ture requires; the next thing muſt be to conſider whether it be 
Limited or not. That is, whether it admits of more Anſwer, 
than one. And to diſcover that, obſerve the Two following Rules, 


Kule, 


I When the Number of the Quantities ſought, exceed the Number 
of te given Equation, the Rurſiom is capbi of innme 


Anſwers, 5 


. 


Buppoſea Queſtion were propoſed thus; There are Three ſuch 
Numbers, that if the Firſt be Added to the Second, their Sum will 
be 21. And if the Second be Added to the Third, their Sum will 


be 46. What are thoſe Numbers. 


i Let the Three Numbers be repreſented by Three Lasers thus, 
5 call the Firſt a, the Second e, and the Third y. 2: TOs 


. Then 4 a + TIX 22 A according to the Queſtzon; ET: 


Yoo mach 


Here the Number of Quantities ſought are Three; viz. 4, e, 1 
and the Number of the given Æquations are but Two. Therefore 
this Queſtzon is nor Limited, but - tmits of various Anſwers ; be- 


cauſe for any one of thoſe Three Letters, you may take any 


Number at pleaſure that is Leſs than 22, Which with a /;zzle cm. 
I deration will be very eaſy to conceive, 


Mule 25 


] ben the Number of the given Æduations (not depending p- 
en one another) are juſt as many as the Number of the Quantities 
ſought ; then is the Queſtion truly limited, viz. each Quantity 


As for inſtance, Let the aforeſaid Queſtion be propoſed thus! 


| There are Three Numbers (a, e, and y, As before) 
k the Fiſt be Added to the Second, their Sum will be 22 


_— — ——= 


o 
2 


4 


aFT.=q 7 : 


= IS 


ies wy os 
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if che Second be Added to the Third, their Sum wili be 46 ; and 
if the Firſt be Added to the Third, their Sum will be 36. What | 


are the Number:? 
That is, « + e=22. ey=46 and apy = 36. 


Now the Queſtion 1s perfe&ly limited, each firpl, Quantity having 
but one ſingle Value, to wit a=6, e= 16. andy = 30. 


5 N. B. If the Number of the given Equations exceeds ele Num? . 
ber of the Quantities | ſought ; they nt 0 limit the Qu. ſtion, but 
eftentinies render it impoſſible, by being piopo d inconſiſtent ene to 
anot her. | „%%% ny . 


klang eruh ſtared the Queſtion in its ſubſtituced Lertert, and 


found 1t limited to one Anſwer, (or at leaſt fo bounded as to have 

a certain determinate Number of Anſwers) then let all thoſe ſubſti- 
tuted Letters be ſo ordered or compared together, either by Ad- 
ding, Subſtracting, Multipizing or Dividing them, Sc. according 
a5 the Nature of the Queſtion requires, until all the unknown Quan 
tities except One, are caſt of or vaniſhed; but therein great 
Care muſt be taken to keep them to an exact Equality; and when 

that unknown Quantity, or ſome Power of it (as Square, Cube, &c.) 
is found equal to thoſe that are known ; then the Queſtion is ſaid 


to be brought to an Equation, and conſequently to a Solution, viz. 
fitted for an Anſwer. CT Mm ror nry wa woo, 


But no particular Rules can be preſcribed for the caſting off, or 
getting away Quantzties out of an Æquation; that part ot the Art 
is only ro be obtained by Care and Practice. And when that is 
done, it generally happens fo, that the unknorys. Quantity which 
is retained in the Æquation, is ſo mix d and entangled with thoſe 
that are known ; that ir often requires ſome Trouble and $hill to 
bring ir (or its Powers, &c.) to one Side of the Æquation, and 
thoſe that are known: to the other Side; ( ſtill keeping them to a 
juſt Equality) which the Ingenious Uan Scooten in his Principia 
Patheſeos Univerſaits calls Reductiam of Equationn. 
The Buſineſs of reducing Equations (as of moſt, if not all Al- 
gebraich Operations) is grounded and depends upon a right App!i- 
cation of the five Axiom: propoſed in Page 146. and therefore, 
if thoſe Axiom: be well underſtood, the Reaſon of ſuch Opera- 
tions muſt needs appear very plain, and the Work be eaſily per- 

inm'd; ain the fllowing ü OO 


A2 | „„ ol 


= 25 Py * Algebza. 9 "Par V. 


EY 1. Of Reduction by Addition. 


Reduction by Addition is grounded upon Axiom 1. and is only | 
thi Tranſpoſing (viz. the removing) of any Negative Quantity ou | 
either Side of an Equation to the other o_ with che Sign + 

. LEE it; as in theſe = 


5 5 Exanples, . 
i . 1 4 VV 
= a a=d +6b| Ler pl 8 a 
, -Rori3] © =# R 4 nes ny Ll 
ED + 4 4a —= TE 3 Tots 244 = © —-4 
e — : Nov, 1 e Number 
W | i Repiſter'd in Margin 
1 Let [3a — 4 = = 6 — a I Line e to difinguch | 
4 + 4 4 34 = 6 4 => it from the other Numbers, A 
| "4 2 DS: 3 4a =6 <6 Fe=1oY ARS 24 Stop of this Example . 
„ 
8 . las — dc = dd b 
2+ de 344 = dd — 2baob + de 


3 26414 Dn tools N. 


a Suppole i] 2d — d ce - 3baa — 444 


1 + aaall 65+ 244—d=@— 3hes : 
. $F3hes[3] car Her Þ 2de— der, 


Ig FP baa Þ 24a = —. < &c. 


bat . of me by n = 
Reduction by Subſtraction is grounded upon Axiom 2. and is 


2 perform d by Tranſpofing (or removing) any Affirmative Quantity 


from either /ide of the Æquatim, ro the er fade, with the 
Sign = before 1 it. 4 in theſe 


Examples. 1 


Suppoſe | Ler «|| 3s + 4= 6 + „ 
And 


| 1—2 


2 4 1 
181 


1 


1—4 2 a+4=6 
2—4 2 oth =6—=4=3 


l; 


| Suppoſe | I n+ abba. 
1 — 264/24 — 2a ＋ de+b=dd  _. 
2 — 46/344 — 254 ＋L b dd—& _ 
3 All — 2ba=dd—de—b 


JC 


ty 
Ic 
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= = 


tt... — "ER 


Lex 11444 +4= = + 3baa + 204 
1— eh aaa — 3bas+ d =ce . 14s 
2 — 244 3 aaa — 3044 — 2da + 4 = cc 
2 d 14 = ad 


S. * Ot RedalZion: by Duitiplication. 


 Erational Quantities | in any Equaticn, are brought 1 into whole : 


| Quantities ; ; by Multiphing every Term in the Equation with | 


the £ Denominazars of the Fi actions, oy Axiom 3. As | in theſe | 
5 | kungen. | 
U 2 
Tie ; 


| Supa = 1 


6 5 = = 30. For or e E 


Then 4 2 


9 * 1 5 


« [i J6= =—_ "hl nr — 
N 


MEER 12 4 ans 


1 55 
444 . — > 4 fe == = deb _ 


1 bb 


2 
* * 4 2 


— 


; mp | ts = 7 


1444 — . — bb W e 


4 = 


* Wy 
1 * 5 5 4444 2 baas — hs — bbaa = Blba + 7205 


— — —— —uaſ . —— — — — — — — 


- Self. ( Of Rote by Diviſion. Do 


When any Quantity (either known, or unknown) is in every 


erm of an Equation; if the whole Equation be Divided by 


that Quantity, it will be Rode d into Lower Terms, per Axiom $ | 
451 in theſe 


| 53. Examples 5 


180 Algeba. part Il. Ch 


: Examples, | ESR Sur 
su ole! 54 bea = bed | Let as = 72 c 

| — . = +camed BEE: al 25 — — 

Let 1 Ffaa Ta Ha = ffda + Fade | = 3 

132 VVVUH»i 2 

2 13 CE I=d pad 30000“ du 
— — a 


Or wh the ck Quantity i is Mult: pied (iz join d) with 
any that is known; let the whole Equation be Divided by the 
known Quantity, 2 0 — —— may be cleared, As in 
 "- hele- 


"Homage, 


I = — ca — 4 Let = — tins =o _ al 
dl d — dd _ 


8 Sippole } 


1g bee] 


CC — 


; ; RI 1 5 — fe = - bis + da e 
1 ba 2% — 25 = d e 
d = G 


3 44 — 24 = - 


— 


2 


| 2 ä f | ea +; 42.44 = = — 7hes * 210 : 


„ 2 da + 4 = iP 5 1 8 F 
| | 1 _be3c „ | 
* 98 = _— 


1 — 
n HR — 


Seel. 5. Ot Reduction 15 Anvolution, 5 


| When there 3 to be an Equation, berween any Homo- 
geneal or like Surds; Take away the Radical Signs from the 
7, ——— and 5 will become 3 04 in — 5 


Examples. 


8 e — 22 L 13 TIT ner $ 2. 
1 2 N 4 2 W 2 AS 52 


| Or if one Side of the eng: conſiſts of * Quantities, 
and the ocher . be gummy Then Iny olve the Rational 


Dan. 


.. 


112 #F: 
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Quantities ro the ſame Power (ar height) with the Index of the 
Surg, and take away the Radical Sign, Asi in mr | 

Examples. 


«| [:=% ; PE! . 


Suppole] 1 JG Z=k es Ler 3 RD 
1 U . EEK . 


Seck. 6. Of Redultion by Evolution, 


When any Single Powers of the unknown Quantity is on one 
Side of an Equation ; Evolve both Sides of the Eęuation, accor- 
ding as the Index of chat Power denotes, and their _— will be | 
equal, Af in theſe 


| Examples. 5 
Srl 2 — OY Let 12 444 = 27 7 
1 2 ee | 1 un 2 . 


Sopoſe| 3% == bb __ bb —ad| ia erg 421. Lale 9 75 
W I 1 uy 2 e=t Te. | | 


Or if any Compound Power of the 8 — de 
on one Side of che Equattn that hath a true Rot of its kind) | 
| Evolve both Sides of 


into Lower Terms. As | in theſe 


the Equation, and it will be e 4 


. 


— 1 4 3 pas aa —2ba + 15 = de x 


[21+ 


I uu — oe 5 — de. 

Here fol a few Examples of [ahi 1 3 
all the foregoing Reduttions are promilcuoully uſed, as occa- 
ton e . 


Example 1. 
role e * Whatis 4=1o 
1 „„ 4 7 
1x5 b 


2 * | 


— — SEES 
n . —_ 
2 i * 


I | 
{ 


182 Part II. 


e og bd—ap- — 444 
betta Fen e 


baa 


— TION babe 


aa . 


p — — be As was a required. 


. 


— 


— . 2: 


I | ＋2 What i is the value of 4. 


MD . 


1 
e : 


125316 — 44 = Sa 


3 
0141440 = 125316 - 5 
5144 = 31329 


1614 wha dn =1 177 "hs value of a ite 


E Example 3 3. 


| 

183 T NC FE | „ 

= FORT 244 44 ” 
And| . 27 EI JET 1 "= Hal 
Then| e al 


* 3 


4 
2 


8 


— tm Q > ww 


15 
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. 74 RES ö [| 4 2 — As was required. 


E —— SF — 9. 


4 — — 


45 4 | 
5 bet Ba GS — 2 


c 
5@2 


15 
bat; * — T hes 
* * 1 4 . 
24 , 
ba* , ob* as 


| =_— — 
„ 5 
10 411 * + 2 
11— om [12 | gccb? = qca* — qbat 
- occh? 


. „l 
13 46— 1 


3 


1 1 x "ER 


Du help of 4 ReduBions 3 applied) the OLE 5 


Quantity (4) or its Powers, are cleared and brought to one Side 


of an Equation; And if the unknown Quantity (4) chance to 


be equal to thoſe chat are known, the Queſtion is anſwered ; as 


in the firſt Examples of Se&. 1. and 2. 
Or it any Single Power of the unknown Quantity ( a Ji is found 8 


Equal to thoſe that are known, then the reſpective Root of the 
| 5 Quantities, is the Anſwer ; 3 as in the firſt tour Examples | 
of Sect. 6. &c, 


But when the — of the 8 Quantity are either 
mixed with their Root ; As aa + ba dd, &c. Or do conſiſt 
of different Powers ; As aaa + bas — dd, cc. Then they are 
called Affected, or AdfeRed Kquations, which require other 
Methods to Reſolve them, viz. to lind out n the Valge of 18 4 * as . 8 


* ſhewes further « on, 


cu, 


* 
_ 


” irs evident, that if the Terms be a: a Te: rz, &c. In 


treams, is doubleto a + e the Mean; Or if they be 4: 4 — e: 
e, &c. Decreaſing, then a | a — ze: viz. 24 — 2e the 


384 Mara, Pann, 
„ CHAP. 


Of Propoztional Quantities ; both Arithmetica, 
Geometrical and Wuſical — 


i What tink been ſaid of Numbers in Arithmetical Progrefics 
| Chap. 6. Part 1, may be caſe ys to * Series of _— 
neal or Like Quantities. | 9 


Sel. 1. Of Quantities! in Arithmetical P:0neſſion 


Thoſe Quant ities are ſaid to be in the moſt Simple or Natura 
7 One” on, that gs their Series of Increaſe or . with 4 
_ Cypher. 


0:4: 24: 34: 1 bet Bec. ves 
Thus? * : — —24.—34.—44.—34: — 64: &c. Decreaſing, 


Or Univerſally, putting 4 the firſt Term in che Progreſſs, 
= and e, the common Exceſi or Difference, 
e 2: 4 : a=Þ2e 2: a 3e: ee e L Ce de. 
PEE mes; wget 4 2e: 4— ge: 4=—4e: 4 — 5e: 4 —6e: &c. 
In the firſt of theſe Series it's evident, that if there be bu 
. I Terms; the — of the Extreams will be Double ro the 
| Apa, _ 
4 s in theſe, 0:4:24: Or, a: 24: 3a: Or; 24: 34 40 K. 
Viz. 24. O 4: Or, a + 32 2 2 T 24, Kc. 
Alſo in the Second Series, either Increaſing or Decreaſing, 


creaſing ; Then a+ a T 2e, viz. 24 T 2e the Sum of the E 


Sum of the Footy is Double ro a— e, the Mean. And ſo 
it will be in any other Three of the Terms. Secondly, If there 
are Four Terms; then the Sum of the Two Extreams, will be 

equal to the Sum of the Two Means. As in theſe, a : 4 Te: 

4 T 2: 4 f 36, in the Series Increaſing Here « + «+7 

= ee | 225 | 
Alſo in theſe, :4—e:4—20:4—36 in the Series 


Decreaſing; here 4 + 4 — ED 3 ”_ 6e + 2 zc, KC. in 2 · 


ny other four Terms. 
Conſequently, If there are never 1 many Terms in the Series, 


0 the Fum of the Tivo Extreams, will 1 be * ro che — 


. 1 an A - 


ſ 
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of a any Two Mea ns, that are equatly diſtant from thoſe Extreams, 1 8 
As in theſe, a: 4 Ce: 4 ＋ 26 4 ＋ ze: 4 4e :4 +oe: &c. 
Here a 4 + Fe —- a Tei- a+ ae = a+2e 2e-hab3e, &c. 

| And if the Number of Terms be Odd; the Sum of the Two Ex- 
treams will be Double to the Middle Term, Kc. 'As1 in | Corol. . 
* 6. * . 


Conſectary 1. 


I hence it follows, ed is very eaſy to conceive) tha if the Sum 
of the two Extreams be Meu Multiplied into the Number of all the Tm 
in = Series, the Product will be double the Sum of all the Series. 

Now for the eaſier reſclving ſuch Que Toms 4s _—_ __ 885 
kur ien Quantities, Sl 


4 —= the firſt Terms. as 3: fo e. 
the laſt Term. | | 
Let ge = the Common Exceſs, &c. e 
Ng the Number of all the Terms. 8 
CS = = rhe Sum of all the Series, VIZ, f ail ths Terms 


Then will a + N x N- 225, by * precedent rl : 
Thar is, Na + Ny -= 28. Conſequently 22 = — 


of all the Series, be the "Terms never 4 RI = In © 
thele Series, it is ealy to percezve, that the common Difference 
(e) is lo often Added to the Laſt Term of the Series; as are the 
Number of Terms, except the Fir/# ; That is, the firſt Term (a] 
hath no Difference Added to it, but the Laſt Term hath fo many; 
times (e) Added to it, as it is diſtant from the Firſt. 5 
Conſequently, the Difference betwixt the Two Extreams, is only - 
the common Difference (e) et into the Number of all the 
Terms Leſs Unity or 1. 


&, -the Sum 


Extreams, dix. Ne — ©IS3 —4. 5 


6 Conſectary 2 2 e | 

| ines: it follows, that if the Difference betwixt the T'wo 1 
E be divided by the Number of Terms 1 1. ns — _— 6. 
as the common Oi ru of the $ lay 
„ . 


2. 
1 
1 


Now 


That is, N- i ve a the Difference betwixt the ro 5 . 


286 mon. Yann 
: "Now by the help of thele Two Conſettaries, it any Three of 


the aforeſaid Five Part, (viz, a, . e. N 5 4 * siven; the other 
Two may be 2 ly found. | 


n e 1 


„„ A, before. 
And]! 2 . 
FRY 900 04} pony | epony 
25 . 422 + = Ne | 
PF} ine gan 
4A = — * The Me; of rm. 
12 68 Ne + dy d 
6G Na 7 INI. 25 — Na | 
Tat 
7 —N | Ee. =": The Lef Term. | 
6 ON N= 25 Ny 
nn 25. Ny 
9 NDO ? = .- The Ppt Tm: 
. 28 


5, and 11 2 — r — 4355 Per Axiom 35 = 
_ 
14 14 4s E248 TheSun of all ar 
ee y— 44+ ae 4 ye =35e | 
15 — 4e 16% — 44 The = 28e — ae 

d D428. — 4e — 


132 2 


F - oc De The common Difference, 
— a > | - 


37 22 g9|N: — e a= 7 The laſt Term. 
201 Ne L A 2 be 8 
FI e The fiſt Tun. 


— — 


e 


ae 


In like manner you may proceed to had out any of the be 
Quantities (a: e. y. N. S.) otherways, viz. by Varying or 
Comparing of thele Æquations one with another, you may 

”- produce 1 new . 3 with other Dara in them; the * 


- 


, 


1 ſhall here omit purſuing, and leare chem tor the Learner's 
Practice. 1 
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$:#.2. Of Quantities in Geometrical Proportion. 
Geometrical Proportion continued has been already Defined in 


dect. 2. Chap. 6. Part 1. And what is there ſaid concerning 


Numbers in : may eaſily be applied to any lort of nat, aa | 
Quant ities that are in = 


The moſt Natura! and 8. ple Series of Ge -cmetrical Proper- 
tionals, is When it begins wich Tui W, Wo 


Ate 4 dd edit. 0%. a. o „Sc. in 2 

For t: 078 4: 64 © 1 2 444 44 4, Sc. | 
a4. bb bbb bbbb bs 
LS * 4% 44 47 
For « « 2 be: 6: . ons — : wo. 45 & be Ca . &c, 


4 a aa 44 4 i * 


c. are Terms i in = 


| That! is, bes all the middle Terms berwixt the t9 83 . 
are both Conſequents and Antecedents, _ S. ries is in Geame- _ 
trical Proportion continued. | 

Therefore in every Series of Quantities in - all the 1 
except the Laſt are Antecedents ; and all the Terms exc-pe the 
Firſt are Conſequents. : 

But Oni verſally, putting a hs 5 7 Te m in "the Series, and 
e the Ratio, hs Leh common eee or Oo: viſor, then | it with 


be 


C „ de . azee , aecee . : 455 .. &c. in — 


„ 4 
Or a, * e er" - &c. are in 4: Deer. 5 
„„ eee ere oa | 
For a: . 4 22 ac ; 7 = ae 8e. 


And ; Doo my ES 4: :: : 2 & 
| „„ dae cee eee eee 


1 In any of theſe 1 it ĩs Bede, that if * PURI TM : 
are in t the Rt angle of the : Extreams will be to 
the — of the Mean. As in theſe 


„ 47 4 486 here @ . ate = 48 X an = ate. bec. 


8 f „ IR Oc 


— —— tes as 


93 —— _—__— —— — 


„ A — 


„ 3 
Or 4. —. — here allo, aX— = Wn: = &c. 
AS... ce e 66 80 


II. If b Quantities are in A the Rectangle of the Extreams 


wiuill be equal to a R Hangle of the Means, 


As in theſe: ; a 85 „ e ace F here 425 4 ae dee: 


4 A . 
„ here e allo N x . = — © we 
E er cee 8 


| Conſequently, If there are never ſo many Terms in the Series 
of z the Rectangle of the Extreams will be equal to the 
Redangle of any Two AI. ang that are e 2 _ from . 
Extreami. | | 


As in theſe, « a ir 5 ace aeee , acece I des gc. 
Viz. ae * 4 = act X de. Or 45 Xa = eee X ace = ade, 


Wm. If never fo many in are in 2: it will be, As any 


one of the Anzecedents is to its Conſequent ; So is the Sum of all 
: the en, ro the Sum of all the Conſequents. = 


| e 155 ( Po ae. PE e ace . æaeeee. 4e, &e, Tncreafg 
As in theſe, * 8 a 1 4 : 
— 8 ee eee ezce q - | 


4: eee ac? + ar*: ae 1 ace e. = Fr 
Or 4 a: — He e 2 + += + 
viz. a x ae Tus Le. Hur. Cat.. 0 bs LL e 


That is, the Redct angle of the Extrecms is equal to — Refaw 


| ghe of the Means ; per "ſecond of this Seck. 


Note, the Ratio of any Series in = increaſing, is | found by 


= Dividing any of the Conſequents by its Antecedent, ks 


Thus, «) 4e (e Or ae) ace (e &. 
But if the Serie: be decreaſing, then the Ratio is found by 


- Dividing any of the Antecedents by its 8 


Thus, 2 ole O N 25 — 


Es 


It 


a 


* 2 
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n 


Theſe things being premiſed, ſuch Equations may be Si 
from them, as will ſolve all ſuch Queſtions as are uſually propoſed 
_ 3 in Geometrical he, and — In order to that | 


= The firſt Term. 
i Let. e = The common Ratio, 25 before, | 
LE'Dy = The Laſt Term. 

4 S= x = The Sum of all the Terms: 


| Then 8. — 5 . - the Sum of all the Antecedents? 
Ard SF —4= the Sum of all the Conſequents. 


| Analogy. 114 4: : S :S 4 per the II. of this geg. 1 5 
5 * ESE : 
24 1:340.— £= e8 — ey: | 
3+9 | 4}S HO —a=e - 85 
41— 8 312 —4=eS—F 
4 10 9 E=. The Sum of all the Series. N 
e } HE. The common Rais | 
5+ a Blo=iSLe—sS. 

921 , The 1 ren. 
4+4. „Sas 5 
10 1 ine 8 — 4 The 5 7 Term: 2 


_— 


7 The + ber in . Mans: ar the i 5 tep, is 0 
of Ergo ; and imports that the Rectangle of the 7π .] Extreams | 
in the firſt Step, is equal to the * ä of the Means, And o 


for any other Ges : 


SeF. 3. Of Darmonical Proportion. . 


| Harmonical or Mufi cal Proportion is, when of three Quantities 
(or rather Numbers) the Firſt bath the ſame Ratio to the Tird. 
As the Difference between the Firſt and Second, hath to the 
Difference berween the Second and T.ird. As in melc n | 


by: ſe a, b, c in Muſical Preportien 
The he ls eb matic —b : 


SY ” eee 


—_—— 


_—_—_— > — — — 
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— 


— 2 Fa = bs © 
32 20 — 5 — The f Term, 

3 bs] & 2a =eb be 
IS +: ” = The ſecond Terms 
56507 


8 — ww 1 


ee ng cb =bs | 


8 | 7 as. =p Se The third Term: 


2 ET ORT'Y 


Ny 11 there are Four „ in | Muſ eat . the Firſt bath 
the ſame Ratio to the Fourth, as the Difference between the Firſt 

” and Second hath to the Difference berween the Third and Fourth, 
Thar i is, Let 4. b. c. d be the four Terms, Sc. „„ 5 


Then! 2 4 3 „ 
„ qþ EE SES | 
8 274% ab —= 2da — ca e 


1 6 85 eee i i 
: ans 24 — 2 : Be : 8 * 
. =— og 5 
i db + ca = 24a „5 
ates id by W -0l8 wel . 
. 4 7 | | - 
CHAP. vn. 1 
: of Proportion Dis jung, ad how to turn XEquacions 
into Analogics, &c. : 
Proportion Divjunt, or the Rule of Three in W is alrea- | 


dy explain'd in Chap. 7. Part 1. And what hath been there laid . 
is applicable to all Homogeneous Quanciries, * of Lines ta 


5 Lines, Oe. | 5 


17 Four gene (v viz, n Le a or Solids) be 


| Proportional: the Trl eee under the Enereoms, 


Chap. 7. Ot Pꝛopoꝛtional Quantities. 19x 
is equal to the Rctangle * under the Two Means, 
(16 Euclid. 6.) 

For inſt ance, Suppoſe, „ repreſent the Four 
Homogeneal Quantities 1 in Proportion, 

viz. 4: b:: c: d. Then will ad = be. 

For ſu ppole 22 then will = ee 
Andi it ill be 4: 242: : c: 2c. Here the Ratio i 12. 
but a * 20 τ 24 N c. viz. ꝛ04 = 246 

Or ſuppoſe ( — 34 then will d = 36 
= — it will be 4: 34: : c: 3c. Here the Ratio is 3. 

but 4 * 36=34 Vcc. viz, 3ac 340. 


Or Univerſally purting e for the Ratio of the Proprtio 
viz. making b = ae, then will d = ce 
And it will be 4: ae:: e: ce 
but 4 x ce ae x Viz. ace = ace. 


Conſequently, 4 ad = be which was to be FRY 
Whence it follows, that if any Three of the four Proportiona! 
| Quantities be given, the fourth may be eaſily found. . | 


Le of 4: 12 : c:d. Then 
5 "JF *2 a= be as — | 
3 3 
2 —c 
2-6 


Note, In = manner Euchd, 
in his 5th Book, expreſſes the Ratio 
F Proporticnals, viz. the Ratio 


Co Bdky 5 


ne fav 8 are 8 4 will ah be Propor- 
nal in Alternation, Inverſion, Compoſition, Diviſion, zen en, 
and Abath. Euclid. . 5 12, 13, 155 15, 16, 


Thar 


192 Ns Algebza. _ 1 art l. 


d be 3 in dire8 nn as before, 


That is. if 8:b::c: 
2 24 c:: b: d Alternate, For ad = bc 
And; 3jb:a::d:c Inverted, For ad = bc 
Alſo 42 ＋- 105 {8 ＋ d: d Compounaed. 
4 : 5|da + bd=be + bd That is, ad bc, as before 
5 0¹ 614 ec: 1 ＋4: d Aiternately Compounded, 
WELL te 7 ad +cd = be + cd That is, ad — be. 8 
9 5 Again, | 4 — 6 6 : 4: 4 Divided, 3 0 
. 4 ad — bd —= be — bd That is, 44 Abe. | 


Or 10la -:: : 1 4: d Alternately Divided, 
10 11 ad it = be nn of That is, ad = be. 

| Andy: 4 : b +34: * d + c Converted 

© 113 ad + ae = be 4+ 4c Thatis ad = be | 
Latly igla=bia-bi:cÞd:c-d Mixth.. 
14 15 e bd = ac + ad bc — bd 
= 16 — — 5 ad = | be As ar firſt, 


1 * ze, Whac has been hw done about whole Quantities in 
- 355 np/e Proportion, may be cafily perform d ir in Ffactianal * 
| es; And Sur ds, 9 


ab 1 A 


For Inftance, If 5 3 jp Pe ir be required to 
end the foureb Term. 5 „%%% ĩ Os: 
it will be = = F = the Rectangle of f the Nears, which bi 


77 55 Dis ided by the firſt Extream 3 ic will became | 


0 
ab od er . 
%%%%%Üͤ» ß 

+ Oc it b: vb +: % le: 4 
Then 3 v bd + bs * x y bd + be = 5 + be the Rent 
bot the Means, And b 4 be (Ae the fourth lerm. £ 


Thar is, be dA ber: e e ec. 


- the fort], Tem 


6.2. 2. C of Duplicate and « Triplicate Proportion 


>The Properties treated of in hs laſt gectien, are to be under- 

Rood when Lines are com pared to n and n, 10 
9 

9 5 | * * WW 


7 
Ns 


be that of à to b, whoſe Ratio or Exponent is I wr 


| accoording to Euclid's way, 


Kruations into Analogies, 
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Super ficies; or Solids to Solids; viz. when each is compared ra 
that of its like kind, which is only called Simple Proporticn. 
But when Lines are compared to Superficies, or Lins are com- 


pared ro Solids, ſuch Compariſons are diſtingmih: 4 trom rhe 
former, by the Names of Duplicate and I iplicate (&C.) +: opor= 
tions ; ſo that Simple, Duplicate and Triplicate, Sc. P oportions 
are to be underſtood in a different Senſe from Sing/e, Double, 
Treble, Ic. Proportions, which are only as 1, 2, 3, Cc. tot; 
but thoſe of Simple, Duplicate, Triplicate, &©c. Prepertiens, is 


that of 4. 44. 444 ., &c. o 1. Or if the Simple Proportions 


4 


| Then . —=53 is the Exponent of the Duplicate 1 
| And © 11 . e the Exponent of the Tr. Prop. > S 
ey So YAM Lone © 7 as, ed 


And if there are three, four, or more Quantities in -= as 
1. 4. 44. 443. 4. 4, &c. (As in the firſt Series S & 2. of the 

laſt Chapter.) Then, that of the Firſt to the Third. Fourth and 

| Filth, Sc. (viz. 1 To 44. 444 aaa. 47 is Duplicate, Lin cate. 


Quadruplicate, Sc. of the Firſt to the Second (viz. of 1 19 4 


And by Inverſion, that of the Third, Fourth, Eich, is Bi 


cate, Triplicate, Se. of that of the S cond to the t (a To] 


| per dif; 10. Eucl, 5. But the nature of theie &rcporticns will ape 
| pear more Evident, and be eaſier underſtood when they are ap- 


plied ro Practice, and illuſtrated by Geometrical Figures fare 


1 


Seft. 3. How to turn equations into Analogies. 
From the firſt Section of this Chap it will be eaſie to conceive; 
how to turn or diſſolve Ægquationt into Aualagies or Propore 
OT N 1 335 
For if the Rectangle of two (or more) Quantities, be equal 5 
to the Rectangle of two (or more) Quantitie;; then are thoſe 
four (or more) Quantities Proportional, By the 16 Euclid, 6. 
Thar is, if ah = dc, Then is 4: : d. . 2D 
JJ TT TT TT A Oy 
From whence there ariſes this general Rule for turning 5 


* 


Cc nn = 


ys = 
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| Rule. 
5 D:vi de eit l er fide F the given Zquation, (if it cs can be done) int 


two ſucl Parte, or Faclerg, ar being multi pied tegether, will pro. 
* that fide again; and mad e * twe Parts the two Extream, 


Ten Dina? 18 ab 0 UE le of Us E uation (if it can be done) in 


the ſame mannir as the firſt was, and let thoſe two Parts or Fa. 


lors, de -th7-7n0 Man 


For ne 8a. th 45 I. ad = bd. 
Then S:5 Þ:* 64 1 0. -+ d. Or L a: 3 þ 7: 4 Ke? 
Or raking ad ttm both Sides f he Equations, and 
Ir WII 176 { 1 — ad. Then . 44 3 a4; U, 
EEE ; 4 Sc. %%% Thee 55 
Again | ALL pole 41 | 24 — 2 25 e 
"Here ris 8 + 28 are the two Fi Fae of the firſt Side n 


„ this Zquarics 3. Nia de ad Fin. 


Again, 2 ab 24 „are the two Factors of the aber Side, 
Therefore, 1:39:22b+y: a=Þ 2, 
Or 2b py:a-2::4:y &c. 


When one Sic of any K. zuation can be divided into two 


Factors, as before; and the other Side cannot be ſo Divided, 
then make the Square Reor vi that Side eic cher he wo o Extreans 
or the rwo Means. | 


For inſtance, 8 1 L174 TIL. 
Then 6: Vd Eg er AK * . 
Or VAT: : 2 80 K =Y 4: * ds & & dc. | 


c 11 A p. VIII. 


of Subtitution, and the Solution of { Quad: ati 


AE zuations. 
| bel. I. of Subſtitution, 


| When new Quantities not concerned in the firſt Rating of 


any Queſtion, are put inſtead of lame chat are engage in 8 i 
that is called Subſtitution, | 


For inftanc-. If irſtead of V be — de you pat . or 11 


: other Letter. 


That , make 5= vac. 8 


ZN E { Quadzatck 7quations. 4 


— = „ 


pot s, 2 any other N 10t n Its {the + n, iz. ; —5 


+ 1ben aa ＋ = ac 
Tha is, if e be gre:ter than b + 4, I'S 48 — 4 = de. 


But if d be greater than e, Then it's at =. 
And this way of Sulſtituting or putuir g of new (1: {ics 
iiſte d of cite s, may be found very ul..ful upon ſcycra! Occa- 
ſions; v7. in order to make ſome following Operations in he 
Ni n more eaſie, and perhaps nuch ſhower than they would 
be without it, as you may oblerve in lome Queſt cons hercatter 


propoted in this Tract. 
And when thoſe Op rations, in which che Sal, Hruted A inti- 


ies ware aſſi ting or uſeful, are performed rcroedivg as the Na- 
ture of the Queſtion required, zou may then if there be Oc 


cation) bring the Original or firit Q-4ti:ios into the Equation, 
in the Place (or places) of thoſe StA d Quantities: which 


18 called Rſſtitut ion, as you will lee turcher on. 


Se. 2. The Solution of Quade alick Zquati on 8. . 
When the Quanticy ſought. is brought ro an Equity With 


kioſk that are known, and is on one Side of the Equation, in no 
me rhan two different Powers whole Indices are double ane to 
anger, r thoſe T1 are callcd Qu adratich Equations Ad- 


a; and do fall under the -onfieration of three Forms 18 


Cal. 1 —— 201 aeg 2 45 2 
Caie 2. 44 —— 364 == 6; And 
Cate 3. 2ba — 40 de. 


= Stab = 3 
Al Ad 


4 — 2943 = 66a. 
20 3” a* == 6c: * 


w boy there happens to be more Ter ms in one of theſe bind = 
of Fg lations than Two, and the hig beſt P>wer of rhe unknown _ 
Qintit) 18 Muiultiplied i into ſome knawn e Co-effics nis; ; you muſt 
9 them by Diviion; as in Seck. 4. Of Cbap. 5. and for the 
F, act ional Want ities tha. may ariie by thoſe e Si — 


tate another Qututity doubled, 
For Inſtance, Let baz + 644 — c * 4 ＋ 3 


| dc. 
1 44 — 1 ML = 3% | 
rn MSG ITE ITE :-- * 


„„ 


— — — — 


- ——_ 1 > 1 4 2 * — — — 
— <w—_—_ —— —— 1 ˙¹wA I are — — — — . . 
o 
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9 de + cb 
And it you 3 hes } * put 3. 


Then will 42 2xa = 7 be the new Equation, equal: to 


- the other, being now fitted tor a So/u:son, 


Now any of theſe three Forms of Æquat ion being thus pre⸗ 
pared for a Solution, may be reduced to ſimple Powers, by caſt 
ing off the ſecond or /oweſt Term of the unknown Quantity; 
Which is done by Subſtitution, thus, always take half the known 
Co efficient, and add it to (Caſe 1.) or /ubſtrat ir from 

(Cale 2.) its fellow Factor; and for their Sum, or 3 
Ts * another Lecter. As in 1 5 


Let 110 + abs =&: Caſe. I. 
Put 2 4 + b Km | | | 
i 44 ＋L 2ba *I 5 
bb ee — dle | 
ce= bp + de 
CESSES „„ 
a +b= = Ta Per Axiom 5 
a — U = Pe: — | 


3— 1 
4 + ac] 
| 15 8 
2 and 6 7 
— 4. 


9— 


| 13 5 
| PPE FEE {ae 80 
| Pu. - = | = 
g 3 |= 26s ** n 
— 28 14 bb = ee — de | LT 
? 


++ de 51 od = dc 4+ bb 
He=o(& EB Bb 


A et: 


«=b+ 44+ TEL 


: 2 


13 Caſe 5 j half the known Crefiis Sublrad It 
5 fellow Factor, 


| . Thus, Pa the — 44 = _ 42 


b _a=e 


1 5 Ae 


e 
— 20212 


* 
44e 7 


bb — dc + ce. 
ee = bb d% : 


5 un 2 
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1 


— — 


— 
— 


=o bb — de 
. e 


3 15 ieee - 


5 6 


ets 
+ als 


And this Method holds good i in thoſe ner 4 where» 


in the higheſt Powers are at, a*, a®, &c. As tor inſtance. 
Let f + TRY Cale 1 
Put 2 ＋ þ.= | 
21 5 
þb — ee — de © 
A 0 M 
1 = THEE 8 
71⁴ +b=\/b+& 
| - 4 ä 
AD * — | 


The ſawe may be Jone with all al POL Cure beck raken 


to Add or Su'ſtratt, according as the Cale Requires. 


But all Que {ratich Equations may be more ea/i!y Reſolved by 
Compleating the Square which is grounded upon the Conſidera- 
tion of Raiſing a nee. from any Binomial or e Roo:, 
(Lee Sect. 5. Chap. 1.) 

Vi. If a+ bbe invelved to a Square, it will Ss „44 126 Lib | 

And if 4a——b be lo involved, it will be, aa—2ba +bb_ 

| Whence it is eaſi2 to obſerve, that az ＋ 25a = dc. Cale 1. 

And 44 — 2ba—dec, Caſe 2. Are imperf:&# Squares, 
wanting only Lb to make chem Comp eat. And therefore it is 


that if half the known Co- efficient be involved to the Secend 


Porer, and that Square be Added to both Sides of the Equation, : 
the unknown fi de will become a C. 2 ad 5 Juare.. ” 


| 1 | © Here half the Co- e 
Thus, Fa 1 i 

1 Bur 2 bb — bb © [quared. is bb, 
14213 aa ＋ 2 ＋ bb — de + 5b Caſe 1. 
3 e As before. 8 


— 


C ˙ 


c Ain 5 


926 is b, which being 5 


5 | 7 


F 2 


" ad 1 


| Again. 
Let 1144 — 2 — de Cale 2. 
But 656 —=6b 
. Tl 2 — de EW. 
4 


3 w 2142 —- de + 5 oe. As before. 


— — 


- How in Caſe 3. you muſt Change the Signs rot all the Term; 
in the Equation, 7 | 


Thus: [bear =& Cale 3. 
IIZ 4 2a = de | 
benz! a — e N. 


And this Method af Completing the Square holds Toe in ee 


5 cler Equations. 


Fig T 2bey= 4 + Cale s:.. 

0 L bb = bb As before. 

* „ ＋ = de-p bb. | 

95 24% TH Nd + bb e 

| 4 Ne + bb „ * | 
52]: 6 2 — 2 2 + 0 — . And fo o on * the Wy 


— — 
— — — 


Or ier ae As befare, Cale 1. 
And - Þ DT bb — "bb 
4 ＋ e 7 HI 4-46 
4 CE — } a 1 70 | 
5 [424 UE BOS, 
lems 6 TE 5 2 Sc. 1 


"2" Sm J 


Sun 1e 


| Cvollary. | 


e it's evident, that whatſoever Method 3s 7 fea n faluing 
elſe (or andcel any other) Equations, the Reſult will till be the 
ame, if the Mor be true; 65 you may obſcrve from the Operations 

. of this Sefticn : For both theſe Methods | vere propoſed, give the ſame | 

earns 3 in their ee Cakes for the Value of ( (4 5). | 


Thus 


PP 


— — 2 — 


"Thus, when ai + 2ba=de Then 


Theorem 1 a= dc + bh: — 
And when aa — 2ba = dc Thaw 6 


Toeorem 2. a=b+& + 


gain, when 204 — 442 4 — de Then 
 Throrem 3. 4 be y 1 -& - 5 
The lite Theorems may be eaſily raiſed for the 9 


If che known Co ecients (of the ſecond or loweſt Term) be any 
le Quantity, as aa + ba = de, &c. Then is 4 b ts Half, and 

3 1 the Square of that Half : That is, 5. f = 3 
19 And then the Work will Gad. 


Thus, 4 L =& ps | 
-1CD [2126s +ha+ — 41h 
2 u 2 ET 
3h ESESSI bb —_ And ber ebe reſt. _ 


Now: c = placed ; in the Margin 2 th 43 Sup, ew 


3 Pa that the umper fect Squars 44 + ba in "e firſt 8885 15 | there b | 0 5 
Cumpleabed, viz. in the Jecond Step. 275 


| Now by the he! p of theſe Theorem, it will be aft to Calcu- 'E 
| late cr find the Value of the IONS — ( a ) in Nu Y 


| Exampls I. 


3 4 Jo =z. Let 3 — 16 r = 4644 TT | 


Then a = / 1 + B — 6 Per Theorem 1. 


 Buz+66=g644 + 256 — 4900 And 7 4500 = 7> | 


: Contequently a 4=70 — 16, viz. a — = 54« 


But every Ae! Equation, hath as many "IR is 5 5 | 
Values of rhe unknown Quantity) either Real or Imaginary, as ate 
the Dimenſions (viz. the Index) of its higheſt Power ; and there- 
fore the Quantity a, in this Aquation, hath another Value either 


Affirmative or Negative; ; which may be thus found, 


The given Aquation is 44 ＋ 322 2 4644, and its Roo? 4 7 
Let theſe twWO Equations be made © or Aguated to , 
viz, to FOG © | : 


Thus 
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——— 


— 


20 


- — 
— . EEE ee 
- 53822 —— . 


Les NE 5 . 


DP 


Thus. act x J21 Ear And 8 $4-= ©. 
Then Divid: the given Equation by its fof Root, and che 


5 Quotient Wi! [ew the ſecond Value of a. 


Thus a—54=0) ar + 324 — 4644 =0 sse 


aa — 544 


—+ 864 — 4644 
864 — — 


0 | 
Hence the -Groud Value of a is . Or 86 3 


Wipe ſeems imy+ſſibl, viz. that an Affirmative Quantity ſhould 
be Equa/ to a Ny ws Quantity; yet even by this /econd Value 

: of a, and the lan. Co A the true * tft) Equation mw 
be lorme d. | 


Thus I. . 5 


18 24 47396, vie; S860 = + 755 
ny 3279 8 — — 2753 _ 
OST 344 cn gd ng. I As at firſt. 
| In Example 2 "is 
Sade 1 [aa — 74 — 948,75 Then per Thats 2. 
SES 4 2 — % T = 938.93 +: = 961 
3]4 0 3) ee 9 
. 


Again, 45 the 3 3 * 4. = | | 
Let aa — 791 — 948,65 S. "it 1 2 = 


9; Then, PURE FR Fm & om 74 — 948,75 o (a Tan 

Conicquently this leconc Value is 4 — — 227, 

be Will form the Original Rin, 44 — 74: 8 = 945 Wl 
| OY it be ere as the laſt was, | | — 


Example 3 3. „ 
| Soppoſe 5 = — 4a Q 243 Then per Theorem LE 


4 8 — i} 324 — 243 viz. half 36 ſquared is 324 &G 
1 har is, a=18 —781 bur 812 9 5 
Therefore 4 18 — 9 — 9, Now this third Form is called 
an Amvizuous A uation, becaule i it hath Two Affirmative Values 
o the unki©wn Quantity (a), both which may be tound wick · 
cut tuch Devi zen, as was uled before. — 


"ak 3 Part 11, 


© For 


h- 


or 


be ſhewed further on. ny 


m— 


For in this Caſe, 4=18 ＋ $1, viz. a=18 + g= 27, 


Or, 4==18 - 9 == 9, 4s before; And both thele Values of 4 


are equally true, as to forming the given Mquarionz — 
„e ee UI For if a 9, then 44 81, 


and 364 = 324 3 but 324 — $1 == 243, therefore a 2 9. 


Again, if 4 27, then will aa = 729 and 364 = 972: 


But 972 — 729== 243, conſequenth it may be, a = 27, 
Nou either of theſe Values of a may be found by Divificn, 
2s thoſe were in the other two Caſes, one of them being Firſt 


found by the Theorem. . | 

bus, let 364 — 44 — 243 =o Andg—a=o _ 
Then 9 — 4 So) 364 — 44 — 243 =0 (4 23 =o 
. r 1 


SYS © — 243 
F 
. 1 S 5 U (o) 0 


Hence, if 2 — 27 =o Then 4 27 As before. 


E Notwithſtanding all Quadratich Zquations of this third Form 
Roots will give a true Anſwer to the Queſt ian, and that is to be 


chaſen according to the Nature and Limits of the Queſtion, as ſhall 


Fran, 


Bom the Wark of the three laſt Examples, it may be obſerved 3 


that the ſum of both the Roots, will always be equal to the Coeſſiciem 
of their reſpective Equations, with a contrary Sign. 


Thus, In Exemple 1. 4s + 324=4644 _ 


r 
And a=—85S ; an 


I TORT On DER INE 
In n 2. 44 — 74 — 948,5 
+. , 5x why 18 


Ron ing „„ 

In the laſt Example 364 — 44 = 243 

Which was changed into 22 364 = — 243 
1 


- 


3 - 
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4 
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1 
1 
_ 
— 
. 

* 
1 
* 
* 
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> 
1 
1 

' 

| 
4 

' 

| 


— 2 
* — — 


2 
— — . OO Ae oy HT — — — > — - 


— 


= 
">. os 


-— 


fl. 


Alilence ir's Evident, char If either of the Reots be found, the 


: * 


other may be eaſily had without Diviſion. 
If the Contents of this Section be well underftood, it will be 
eaſie to give a Numerical Solution to any Quadratick epa 
that happens to ariſe in Reſolving of Queſtions, &c, And as for 
giving a Geometrical Conſtrution of them, I think it not Proper 
in this Place; becauſe I here ſuppoſe the Learner wholly Igno. 
rant of the firſt Principles of Geometry, therefore I ſhall refer 
that Work to the next Part. „ 


Fe Rb") 


* 12» 
— . 


)))WVVVVVCC00V0V0TCG0T(T%CVVb 
Of Analpfis, « the Method of Reſolving Pꝛoblems; 
| Sf | Exempl:ficd by V. ariety of Numerical Queſtions. | 

1 B. Here I adviſe the young Learner to make uſe always of 

ebe ſame Letters, to repreſent the ſame Data in all Queſtions, 

. If 4 repreſent any Number . ML N 

Lud Tren- j. Number pot aber G. 


ae, Their Sam. 
| a—e —=d Their Difference, 


viz. 


I=, Their Produt?.. 
| Then les = Their Quotient. 

: | 44 deep The Sum of their Squares, : | : | 
Ie Difference of their Squares,” 


rn 


Any Two of theſe f (, d, 5, 9, 7; x) being given, thence to 
Fand the Re/? 3 which admits of fifteen Variations or Queſtions. 


| Nueſtion 1. Suppyſe s and d wete' given, and it were 
required by them to tind 8:0) .4-7.mda,. 
2 


1+213 OY £ 
re be een Here'a'is found, 5 
4111 . 


Kern | 1 . 2 _ EL 
e LinFre 
ELIT oY 


ze A 8 


2 
* 
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=_r 
4x6| 7 
444] s] 


50 e 4 


. 462 
54 10 


— d 
259 = 14 Here e is found: 


. | 
[42 == : oe Hon aim Here p is found. b 


= NP! 


10 


11 


3 * —2=9=9 Here q is found. N 


— . 46656. 


ee 45 — 25d - x = 1. 
e 


— 46080 x found, 15 


* 


4 2 47232 x found, 


—— ener erent 


n 


Queſtion 2 "ap Let 1 and ? "iy given ; ; To find the wy 


| That is, N 


10-2] 


5 


2X4 
| 52 


3 
4 
5 
1 


2 * Quere 4. e 4. 4: ET *. 


"WY 
| 4 + 246+ => 17 c 


ae P84. 


44 20736 


| |44—242-þ4=11—4p=36864. 


8 


10 


| 


LN x/15—ap=d=192 


[2a =’ 2 11 op 


— XL: | 
a is — Here a i found = 276. 


— 


2 


= L= Here 6's found 20 


2 


3 
2 n 


VJ - 
n ? 


. 88 ww 8 of 08 4p: —-p 


— 


_—— "Aba. "Par i. 


EET 14 . 
12 — 13115 EG IEG. DN | 


Queſtion 3: 2 s and 7 are given, To find che 0. 
Vis 5 4 Ki t | a+e=5=240 


SI Quere 42. 6 . 7. LD x. 


—— 


— 


22 N 


3 

1 8 

0 424 + ee 5 
3 1 177 6 


For er. 


T 99% 42 "i 


Queſtion - 4. let s ; and i is given; - To find the n. 

| a+ e=5=240 

ved]! bb e x; 
162; 


3 44 T2 T 55 8 
3 — 2 one: - | Td; 


—— Io eee EDO — — 


2— 4 544 — 24e + „ 
. | : 3 2 6 sss 


—ä — — 
38 


K 


Clap. 9. "Of ane Queſtions, _ 


1 be 25 | "+446 j 
7 N 


ion; the 8 and 10 
Steps here, being the 
very ſame with the 
| 8 and 10 * there. 


| 1—6 9 
1 


2 


— 


Queſtion 5: When 5 42 x are gives; To 6 the . 


===. | 
| . ig +7. 4. 974 


we <1] 3 p — e == d viz. a T e) 4a —E {a — 


5 5 O- 2 10 4 = — — + 2465 = xx 
DA EZ 


| 


255 


| aid i 47 Þ+ ee = —— 24 ** 2 22 „ 8 


— 


Quetioa 1 HK d and 7 are given; To find the MY 


DI "Al. abn. 4 e, Tr 7 IT * 


— . b 


102 


205 


The Reſt are e found : 
juſt as in the 2d Que- 


26 WAUgeba, Par, 
Tf 3 r e 
6 4e = 45 
34-41 „LE 

5w2| 6 3 : 
[22a=d+y/4d + 4p 
1 r 


19 3 
+=" of . ap : = 


dd + 2, + 2 v 
* 1 


ee EET 


2 58 
25 


* 


es 3 : OT 
R—EEMEDEM ETE=s : 


* 


auler 7* Let d and 7 be given - To find the . 
ö 7 | 1 5 
2 — 8 22 9%⁵ $ Quere e . 8 5 


Fg 


Ul . | | 
2 Xe 41725 MO 5 
1+eſ 4]a =d+e © 

3, 4 E 


7 54 —e=d 


U et uer-t 


N 


Ls 70 2 


1 
e 
11 * © "BR 


1x5] 104 


88 2 


77 1 71 7 

12 1 1 

; 11+ 1215 r 2 
i -i 
— 1. 5 


Me 5 e ee ö 


Queſtion 8. . d and - given; 10 find the 0 


125 Viz {| 3 192 ere « e. 4. 2 7. * 


214 Cee 47232 
102 'S] 24 — 24e + ee = dd. 

222314 24e =7 — dd © | 

2 ＋ 4 . 
11 E | 
: 1 +6] | 1 4=d+V2;— add 
1 7 0 — D 
«= 51% (i: — 4 
1 % . = 4 


= Ts ELSE 5 


A 


2 8 ; , — 0 : * 5 
. . « 4 8 o +» 7 bo . . « = * . 
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| 
| 
| 


—— — — — —ũ— — 


n 


— 


Queſtion 9. "Lit d and x by given ; To find he M 
| Sw e=t=" 240 
5 Fix eke ee . 7 8 


1 ; £316 Pe==- T= = VIZ. . — „ 44—ee (be 


= + 3 4 | 


Queſtion x 10. Lee ? 4 q be given To find, the oy 


es gs 1285 
vat] 1 = eee. . 


4-6 


— 
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2 .. 9 2 : 
3 e | 


3 LEY.” 10 4 ˙ i 7 5 105 ; 


22 11. Let 5 and 3 be! given; to: find the "TY 
* 4e =p = 3184 
: Vis i: „ Dn 

1 * 7 3] e = 2 . 
2773 4% L L T 2 
25. „ T=, 

5 | 6 44 — 24e T ce 2 — 2p 
4—emy/;i—wp=d — 
LS 
| 


3 


42 


157 9, 2 


e 


10 


j 10 * Ks 2 — x 3 


2 


5 9 0 1 a6cd =: = y * — — . 


: Po: 6 i 1 1 3 = — EE 5 TY 


2 ee rs 4 — ee 2 2 — app — . 


: 8 a 
* — — — 


| Queſtion 12, Let p and x be given ; To find che Ret. 
* SY 5 . e. Ge. 


24 — ee X —— 
2 0 2 


1 
2 


I 


EEE = - PP 


r —ͤ—U—U—ůä: ñ » — 
— 2 — 


” = 4. e = 


be” 0 


9 444 1 85 — 2aace A eece =xx 
VVV 
4 ＋ 5 1 6 44% + 14e Lee — * + arp. 
4 7 |44 T =o xx TH = 
2 +7] $[244=x + xx +4 20 
8 — 5 91 a4 = Xx CET 


7 — 2411] = xx + 2 —* 


7 + . — 


—— |=. 


| . TY <p" 
ts . * 5 — — = = f —4 


* 7 Lr Eu a —x_ — 


3 +1: 12 e 


. Queſtion 13. ar ing q and x given; To find the R: 1. 


7 1 =q=9 | "og . 0. e 
e Ee 2 . | 
1 1 72 : | 
3 © Z| 4 a = qgqgee _ 
2=—=4' 5 
4 22 e ＋ ee = 


7 77 ＋1 7 a= For 77 + 1x . * 


2—7 


* —_— 


Caps 9. 0 Seed 7 quanons. ry 


"= blo =x— = - 3 


27 T1 77 17 


7 un 210 


OS: * 1011 2 . 3 * / I 


ow FA 1 . e = „ 8 4 
| 3 
1 x offer =o Fi 


NE «== —, 


. x 5 — - = 


PET 14. When 7 and * are e given; - To find the R R. 


| ri 5 47 =q = — 9 i © 5 does Py e. e. 


Bo 2 a1—ee =x = bete 


— — — —— b;ͥ—]—I— 


1 4 48 „ 
30 2 3 ee 1 N 
I 3 aa=x bee | | 
| 


74e = x T 
Li Jie — ee =x 


to 3 


10 — 11 


1717 mul if 
POD TE Be. , Sr PO I Wh g 

75 | * | — 8 9 ö 

10 'X 11 „ = — 7 =S: : 


9999 —299 Fl 


| Queſtion 15, When z and x are given; To find the Ref, I 
5 1 | 2 E 47788 Quere « ea, ä 


44 — ee = x = 46080” * 
* , ee eee 


2 3 + 


Theſe Fifteen Queſtions are propoſed in Docter Pell's Algebra; 
bur he purſues only the firſ Queſtion throughout, and breaks 
pff in the other Fourteen, after the Values of what I call £ 
829 e are found. Bur I have proceeded in every One of them, 


Ni n oÞ>; 
74 
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ro find 5 find the Values of all the unknown Quantities, becauſe they 

afford ſuch Variety, as being well obſerved by a Learner, will 5 

be found very uſeſul in the Solution of moſt Queſtions, ' . | 
Note, I have cheſe ro uſe the ſame Numbers for the reſpeRive — 

Value of each Quantity throughout all the F Ss 3 

they will be more Satisfactory 1 e the Work, than variaus 1 

Numbers would have been. Not but that any Numbers may, 

be taken ar Pleaſure, provided that the Number repreſented by 4, 

be greater than that by e, & c. I have omitted the Numerical 

calculations purely for the Learner to practice on. | 


Queſtion 16. There are two Numbers, the Sum f they 
auares i 2368 ; And the Greater of them is in 3 o 
the Leſs, As 6 To 1. Mat are theſe Numbers ; 9 | 


Let 8 tbe Greater Number, e the Leſſer, and d i= = - 2360 55 


——— 
— — 
— — — — — — 


Then Ars. 
=. 2 4 6 110 che Axio, 2 | 
s >] 8 17 805 
3 & of 4144 = zee 
STM tome — 36es 
Abo yr | OY. 
e ſo wma 
e 1. 
8 | | ol Prof  06= 2304 
* | 5 5 | 15 0 64 | 
: X.0 | 915e= G06 - aa . . 
— 5 2 = — - . . 43: 8 :: 6: 1 


** 


Gin 1 17. "Mos are EX Numbe ers in 1 Proper: ; 
tion, the Jum of the Extreams 15 156, and che . 15 725 8 
What are the two Exereams ? „ | 


T bas ig, Suppoſe 42 . e in 2 and = 72; 


T= By the Queſtion. Ty 
Then 3]: ja: m: : m: 8 ©+ 


— TS? —— m 


5 = 3| ae = mm i | 
my ra : e 
3 * 4 | a n 5 3 4713 


4 
a 


. of ( FPG RE 


21 5 : rb „ 


4 1 6 a —acepee 15 — mm 
DO PR Tg — gnm SE = 


—  — 


8 +7] 3 24=#7+ v ane 


| — "oh . ; x 
oo 3 et 1 
7 453 — m t 
le j 


Vo 


” - hin 18. There are Hon W 1 2 den, Sum 15 "4 
| and the 1 their e e. ae. the * 


: bers 2 


+ 12 p EF) 72 4 Ft 
7 2 bane © QF 


2 7 3 
Fa 


e > - 
Box jo 5 1 p 'F 


| That i, * ä are in - 2 — 


5 [| I . 4 ee. 
Then 10 


244 Tee ν =x= 1924 , Quere a, „ 
1 1] 3 2 EE. 
. 85 1 1 8 2 Ts 

7 I 
6A I- 
2e 


ot 24) 24 x (Os, 5 


nd « 
o Xx 


— — 


1 
„ 914 
7 | 


314 a Y e 30 = | 
1 
| | 47F - gee =2404 
6 


+ (nn 
11 — ol 


— 
— 
Fr 


1 
1 
16144 — 24) + y= 156 — #7 
2—J=</ 196=14 Se ; 
1 1. = 50 + 14 = „„ 
| W— Thoel= 33. —— 225 18 

| | nn n 18 22 


16 * 21 7 
13 ＋ 17 18 


1 | 


. 


Note, In all Queſtions 1 3 8 i 
| |  Arithmetical or Geometrical) where Tce Terms are (ought, the 
RP Nie an is l ie found firſt as above ;) an] if all the Terms be 
| Aſirma vs, inen "us equal herber ihe Fa, or La Term be 

the ea. 138 
Q 


S Eng OE RE 
— : n 

ws * 4 * 2 = 
W x 


MS + 78 


I 
WL 
i 

* 


8 
„„ 
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| Queſtion 19. There are three Numbers in 22 their Sum is 
56 and if the Sum of the Extreams be Multiplied into the 


Mean, that Product will be 1248: What are theſ — * 


1 5 1 1 r: 19 
>] 2 4 1 hy the i. 


ae 2 tn event x. 

1 e 1 1 7 

3X: el 5 ae Tee L= % 

5 1 6 e e 

6 ef ſee— e =—þ 
7 cg ſee — te 2 = 458 3 

8 un 1 9 e — * N - 535 55 5 | 
„ _ of $2. Per Theor. 3. 

FT 2 bK daa Cbap. 2. 
„ ooo 

4 4112 5 


it & 21134 ＋ 24% CY = 2704 
13 — 1214 aa — 2 + » n = 4ow 
14 216 —y=4/ 400 =20 

11 ＋ 151622 n 


16 + 217 4 2 36 r iG 


£1 I — 17] 181) = 52 — 36 + 16 240 and 3 22 .36- 
5 N. B. It you take e= 25 ＋ N/A 7 i (at rhe roth . 
33 Step) | Then it will be 76 — 52 =24 = a+y, which is 
impiſſbe, viz. that the Mean # ond be ond than the Sun = 
of the two Extream:. „ DT 
Therefore it muſt be e = {s — -y _ an = — = 24. bee 2 nos 


—ä—ů—ñůñů—ñ— 


—ͤ— — — — — — — 


Queſtion 20. There are three Mules : in « Arithmetical Pro- 
. greſſ on, the Firſt being added to twice the $:cond, and three times 
8 the Foird, their Sum will be 62; and the Sum if all their Or 8 


1275: What are thoſe Numbers ? 
Suppoſe IK 8 e, 5 in Ariehmetical Progreſ on; FR 5 


e 3y = 62 m— 
3 11 21242. ee T2 = 275 Te. _ Queſtion: 1 5 


Then R per Sf. I. Clap. 6. 
1 : 2e + 5 63 2 1 
1 — 2 6ſe Fy=31 —e 5 
6 2 J=31l —- 2e 
8 


4 — 7 4 — 4e — 31 


99 
in 
' 
| 
| 
3 
! 


216 33 * e 
1 & 2 21 9 = 1060 i hoe + 960 
7 & 2 10 y=961 14 + 4e | 
9 + 10|11 144 9 = 206 — 3728 + 1922 
8 n 12 ee e e e ee Ns 
A {4 81 = = 3720 — 1647 
OE! 140271 e — ee 1647 


150 1 16 4 — . T f. — 2 . 


7 
17 w 2117e — 2 = The Mean. 
1+ 718 „Tg Or 85 
1 * 4119 4e 36 Or 37 55 
. 20 4 2 36 — 31 3 01 345 = 31 =4þ 
36 * 2 2126 2 18 Or 174 
| 7. 21122 e Oc 31 — 175 == 1 


8 21. There are thee 8 in e Pro 
| greſſ on ; the Square of the firſt Term being added to the Produl 
of the other two 53 576: the Square of the mean being added t 
the Product of the two Extreams, makes E12 : and the Square of 
the laſt Term being added to the Produłt of the f. #. into the is 
- 5 792: What are thoſe Numbers 2 


| Suppole | 336 6.5 Arith. Progreſ: 4. before. - 
C] 1 4 52 576 | 
| Then HE ee + 5a =612 50. the Weſtin, - 
Th] 4]y + £e=793 5 
z * 2 20 Per $e8, 15 Chap. 6. 
5 5x e| 6 Ww= 2: =: 
3 +4 71@T# 23+ ae = = 1368 
3 — ee 9 14 = 612 — ee L 
9 7110124 = 1324 gee 
5 8 10111 42 + 274 ty =29=4 
$ ff bd 4 + 298+ Y ee 5 
1 285 . 2 gee = 29 — gee 5 
13 + gee aide 2503 
14 $435 == 330 5. 
45 = i6!e=\/324=18 The Mean Wy 


bf 44 ＋ = 1368 — 1c e —= 720 
85 he 2)4= 12234 — 2ee =576 
37 * 180 4D 72 576 2 144. 


Chap. Y E 2 2 Sar ens 55 


* — 


10 2120 2 —y = 144 =102 : 
„s CCC ĩ 2: 
4 . [3314 n Or 4 = 3 
. 231 1 =20=24= CS. ; . 


"Hts 32. "v6 requied to find two ſuch Numbers, TE the 
Sum of their Squares may be 82262; and their Frau 9 
| added to the Squere of the leſſer, may be 69214 7. 8 


aa I Py 
Vs. {| — 4 FRY ec 


| 455 3,44 — ae 2 1305 


li Ger = a4 — 1205. | 

aa 5 + —— 

50 #1 +508 ? #4 — 261044 L 1203035. 

| aa 2 

1— 4 * 5 8 

4 ol 8 —— DR | 

8: x aa| 9 ie e Bath oe—t | 
574% 1% 4 26 oa4 + 1703025 8226,44 
10+ [11 241 — 10836,544 = — 1703925 „„ 
11 = 2 [12] 4 — 54i18,2544 = — $51512,5 - (65 


13CO 134-5408. 2544 7339358. 16562 648784 3, | 

130 21444 — 270g, 125=\/6487845,765625—2547 

14 babe 44 2 2709, 125 K 1423 (23 

Suppol eſs 1644 = 2709,125 + 2547,125=5296,25 

Then 17 45 {536 25 = 72,3. | 

WS: =. $356,25—1305 __ : 

rea W = 
Or let 1944 2709.25 — 2547,125 = 162 | 

10 w2|20 e : 5 

| Then 1 Which 6 apy | 

Therefore [a= 72, 5 


And * — 


ym At the 1250 8 13th Sreps: 


This Queſtion may be 3 4 wich les Trouble, by om : 
twting Letters for the known Numbers. 85 


Viz. 15 Tom e * 8 * —p= 9 2 as 8 5 | 
geo 


— 5 —— . 


"MAB = 1 1 


Queſt on 23 75 is Tequired 70 find Three Tuch Numtle s that 
the Sem e the Firſt an $:cond, being Multiplied with the Third, 
maybe 7824; and the Sum of the $':ond and Third, Muitipiied 

it) the Fi t, may be 59944, alſo, that the Sum of the Firſt 
and 8 114. being Mult py with the Second, may be 52456. 
ter 4, e, y repreſent the res Numbers. | 
E „ E 8245 | 
24 2 ea 4% =$9944 = 25 4, e, 3 
LNEEL =52455 =4J | 


17 7 ＋. 


{ 


L 1 * 


2—24d 3 5 x2 ag - 2dz 8 BK: + a 
WE ” 8 „ 444 
. CRETE od 

[2x — 4644 = I 8 55 4 — 


Queſtion 24. Tis beni to „ two 2 3 * 
their Sum 28 ſubſtradted frem the Sum of their Squares, may 
leave 14. 4 And if their Product be added to their Sum, it m4) 

male 14. 


Let 4 . be pur for the 3 as ler „ 
i | SED 1 * 14a Tee- 14 | | 


E ee 
—_ 


4 


5 —21[22] e 
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- 


i +09) 3 7 2 + ee =14 +) 1 
Lr ae — 14 — 9 | 
4 * 2 51 216 = 28 — 25 
3+54 614 + 24e ÞHee=42—y 
6w2| 7 's +8 —=x/ 42 —). 
Buij $ e+e=7 B By Subſtitution abore. 


7. 43 bp Na 
020% = 43 —=F 

10 - Te == 42 

116 4 11 235 

| 12w2113) 1: =4/ 42-25 =6,5 | 
13 — 214% =$5—%+=6 


— — 1514 . By R- ann from above, 


— 7 1416 e = 14+ 6= 20 | 
"$5. 7 2 7 24 23 — 1216 
16 — 17 . — 12e + ee 2 1 
e = 4 EZ 4=2 5 2 BEE 

e, nd e 2 
15TF 19 20[24 8 c Y Thenaa + — Ee=14 
23—2[31] 4=4: Prov 5 and e + Te 

C — to ns tj - 


— 


ee 25. Three Men fm fin ing of hot FO ſaith te 


Fi'jt, if 100 l. were added to my Myney, it wou be as much is 
both your Money put together; - ſaid the ſecond Man, if 100 l. 


wee added t my Money, I ſheuld have twice as much as beth Rv 
"have ; ſaith the third Man, if 100 J. were added to my Min 5, 


I ſhou'd then have three times ar much Money as both oon bave: 


Him much Mane) had each Man? 


Let « repreſent rhe Firſt Man's Money, e the 8. cond, and „ 


I | 
£4 I 100= e＋＋ 
Then e + 100 = 24 + 2y der hs Weſton, 
l FFV 


, eee e ze 
1 4 or f 
= 5124 Y 100 2 Quere a, ©, 3 


3. .7;.6 34 F3e—9 = boa == 8. 

. 45 6 j e +y — 4 2 34 + * 

7 lag == a6 ho 2 85 
5—8 8 9 26 — 2 4 —2. 


9 + 4a—2e to Þe=s 109 


: 4T61 11 24 + 40=25 2000 8 . 
| | „ 1e 


_ * — — — 
— 2 2 — — 
* r — — A 5 * un 
———— 0h —— LSE — 4H 


10 x N 4 = goo”. 
„ 


13 + e r = 79 =9 77. | 
SEEN — = = 457-1, 
8 = 2 ws . r. 


| Anſwer. ” The | 9275 Man bad . 5 . 177 d. 


| Third | 631 1% TAC 
Queſtion 26. Three Men have ech ſuch a Sum of Money, 


that if the ſo jt and ſecond Mens Money be added to half of what 

the third Man bath; that Sum will be 92 l. And if the ſecond and 
third Mens Money, 'be added to one third Pare of the firſt Man's 
Money, that dum will be 92 l. Laſtly, if one feurth part of the ſe. 
cond Man's Money be aid:d to the *firſt and third Mens Money, 

that Sum will alſo be 92 l. How much was each Man's Money ? 


Put à for the firſt Man 5 Maney, - e for the OP: and 2 7 for 


the bird. 5 
„„ 1 * 
Then? is ++ x= Ne the aeg. 1 
— He e 25 
, 2 aje TTD, 
IJ eo r are 
* 814 T + 331 2. 
3 7 % LN 3 4a oe” 
10 | ee Tots, 
. * 1% „ o zes „ 
12 — 2113 334 Y 3 76 3 
13, 2 1413 74 ＋ 44 =35 2276 | 
24 8 3 15 114 124 = * 328 


> "BY — 33 1 = we = _— 36. The if Man's Morey 


5 k = 32. The 2d Mar'sMoney 


= 48. The 34 Men $ Money. 


5 5 Jes „ Rigs 8 1 5 e 


1 ＋ 


IA 7 AE =." > 


5 3 40 1917 2u — 120 


417 1413 
13 71618411 70 2 4 


dy the 5 


LA 
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11 


Queſtion 27. Four Men walking abroad found « Purſs of bil- 


lings only, out of which every one took a Number at an Adventure; 
| 5 


afterwards by comparing their Numbers together the . 
if the firſt cool #3 Shilling, from the ns it formed Ag | 

Number equal with what the ſecond had then left. If the ſecond : 
| took 30 Shillings from the third, bis Money would then be Triple ta 


what the third bad left. And if the third took 40 Shillings from 


the fourth, his Money would then be double ta what the fourth bad 


left. Laſtly, the fourth taking 50 Shillings from the Firſt, be 


would then have thr ee times as much as the firſt bad left, md 


5 Shillings more, 


Lis required to tell how many Ae each "7 
LE ired to te] Shilling, each man had. 
1 Fa. . * che Firſt Sum, e the Second, » the Third, and 4 the 


cn 2 


e + 39 = . 90 
3 + go =24u— 360 ©: 
1+ 251 fie o=7-: 
 2—39| 6[y—no=e 
* 6] 9] a+$50=2M— 120 
PP 10] Sj o - 
| | r 


9,5 1/112 — 120 =. 


K ten Hae 


| 


1 1414 2 e x 


30195 = 3 

ü 
ß. EO na 
4= loo The 1ſt” RR. 


ka 19e = 150 Second 
the 9 20 K go Third 


1 1* 


112 


nn 


— ** = 
2 — art. 


A N. of Sbilings. 5 


—8 


3 


__ "La. - mb 


— 


QAueu ion 28. 1 — have each 4 Sum of A which being 
put all t ger her makes 250 Pounds. And if to the firſt Man's Mo- 
wey be added 8 Pounds, it will be juſt as much as the ſecond Man's 
| Money deereaſed by 8 Pounds, and as much as 8 times the third 
Man's Money, and but as much as one Eighth n of the fourth 
Man's Money; How much had each Man? 


Let 4, e, y, repreſent the Four Mens Money. 


$—=250 and =. 
Or any other Num- 
ber at VR: 


n=] ; — — Wo 


2 25 5 44a ＋ 25 = 
3 ul 5 1 Becauſe * 
1 x 203 be b 1 1 
"$440 18 3 r +a 
I ee 8 
„ 9 a+ ＋ 9 PO PT ; 
9 bie b T2 TTT + bbb= bs —b 
E =Y 11 e 5 
11 Fas bs —bbb—2bb - 


: 112 +23 br 6. 691353 ac. 8 
by the 4,| 13 Ee 32.691358 & c. 
by the 5, . 6864 & c. 1 5 5 
os the 6, 6, « 145 1 + bb — = 197, 530864 Sc. = 5 


S 5 5 


4 16 . 13. 9352 
That is © 232 . 13. 9,925 
— 198 . 10.. 7.4736 


Conley en'ly | 4 „ 19 1995/6 
| ' which ſhould be juſt 250. the Sum propoled in the Quettion. 
| Now what it wants of that Sum proceeds from the Imper- 

fection of the Decimal Parts being not Continued on to more 


Places, which would have brought it nearer the Truth, tho not 


def 


: rere exactly ſo. Seck. 5. * 5. Part 1. 


I alt i Bah 85 the Queſtion. Let | 


——_— 4 1 — RNase. * - * 
CCC 


re my © 


he. AJ 
C2 


.W. . 


r ( 
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Qu ſtion 29 — Merchants enter into Partnerſhip, every 


40 put into the Stock 65 times as many Pounds as there were 
Partners; with that S oel they traded, and ain d as many Pounds 


ry 1co |. as there were Partners. Nw if 10 l. 175. be added 
to, and ſubſtratted from their Gain, the Product of tbat Sum and 
Difference will be 6491 l. 68. 34. 
— * many Merchants there were, „ 
Let] = The Number of Merchants. 


1X 6 21652 Every one's Sum he put into Sexcke 
2X 4 3 pr The whole Stock. | 
ws 5 41100 : 6548 85 and - by the Weſton. 
. viel x 5 = = — * whole Gain, | 
s + | 6| _ + 10,5 
= = — . 
5 35 — 1 7] ne AG 
1 5 22722222 | 3 e 
: 4 * 5 es — 110252 . 3123 we. 
0 X 00001 9 422 54" — 30 64913123 
3 ＋ 4225 = 66015623 
5 10 . 11 4 n 15625 | | 
11 w 6|12 «=*\/15625=5 The Naber of Moves. 15 
3 & 13 656 = 18 The N. of Pounds cach put: * 


n NOR I LINy CRORE HS TMng 
—— 


— — — — 


8 30. Three Merchants fon „ Stocks 1 1 7 the 7 
Firſt Man's Stock was leſs than the Second Man's by 13 l. The Se- 
| Cond and Third Man's Stock was 175 l. in rading they gain 48 l. 

more than their whole Stock was; te Firſt Man proportional Part 


of the Gain Was 78 | Wat Was each Man 5 _ and 5 of the 
9 * 


1 4, e, y a ck Man's 8 


ile + y =s The whole Seck. 
8 212 + 48 = The whole Gain. 


0 . e the 9 — 


4TÞ+4| 5j4 +e 17 =175 +4 | 
0 3 814 = . e 


_ — ů . — — — _ 
— K R,, e 


— — —— oo 


* Les ia 7 ; ET 


1 Bur| 875 +4: 113 +4a::4: 78 ke Oe 
. . 9 ee e 
9 — 0 1044 ＋ 1454 = 13650 _ 5 
10 CO 14 ＋ 1454+ 5256 = 18906, * 
11 w 212 a Þ 72,5 =o} 18906,25 137% 
12 =72551131 [4 137,3 — 72,5 =65 


„ e eee 5 
ann = 97 . „„ 
ITben] 1661: 78 :: 78: 593“. 121 . Sain. 
Again] 17 65: 78 22 97: 1161. 8s: =)s | Gain, 


8 | 18] 1161. 85. 45930, 125, 4.781. —2$88/. The Gain, 
Proof 5 [2 19165 + 58 +99 = 240. The whole Stoch. 
20 


18 — 19 —.— — The Gain more rhas the — 


122 1. 4 Father at his a left 5 's POE Sons ll bis 
* in this manner; to the Eldeſt he gave haif of it, wanting 
44 Pounds ; to th: S- cond be gave one third of it, and 14 Pound: 
more; to ebe Younger he gave the Remainder, which was leſs than 
the Share of the Se Hon * 82 * woes Was each vn: 
S/ are 3 | 


In 4 e, 4 be the Thr Share, and 45 the whole Sar. | 


„ 
KA- 


: — — — 


. *. one +. 


AE 


3 $334 


. e e 
7x 2 e A „ 

Ws No a 21 2— 588 The whole Sum chat was left. 
2, 9110]4 = = A= 230 The E.. Son's Share: 
Ss - O91 n= I fs ＋ 14 =210 The Second Sinz, &c. 

4s 911209 


Queſtion 32. 4 Man Playing at Hazard or Dies won 5 


Fiſt Throw 10 fo much as be bad in bis Pocket; the Se- 


2 KA a By the dee. 5 


br ” . —82=128 The — Sc. 


cond 


Chap 9. Of Numerical 1 Queſtions, - 


Second Throw he won the Square Root of what he then had, and = 5 


Shillings more; the Third Throw he won the Square of all he then | 


had; after which bis whole Sum was 112 1. 168. What 3 
bad he when he 185 He? PI EO 


Suppoſe | 4 His Firſt Sum. Then 
1% | 224 = His Sum after the Firſt Tlirow; 


And] 345 +y24= The iunings at the ſecond Throw! 
44 3 F 24+; + YA = The Sum after the 2 Throw, © 
482 444+224+25-+ay/2a: + 10 Vvaa = The 


|. Ninningi at the Third Throw ; and therefore 
4+ 5} 6| 44a+244+30-+424/2a+1 1/2 4=22568. | 


"His to avoid theſe Surd Quantities, ler us inſtead of Jupp th ing ; 
the 1 Sum, make a Second Trial. | | 


V:z. let | 244 — The Firſt Sum. a 
I X 2 | 21444 The Sum after the Fir | Throw. "= 
Then, - 24 + 5 = The Sum won at the $-cond Throw: 


4.3 9 2 24 + 5 His Sum after the 2d Throw. 
8 40 2 51164 + 164 ＋T 4444 + 203 +25 = The 
| Winnings atthe Third Throw ; And therefore 


A. ＋ 6 1162. + 1647 Tas Taz. 302256 Sh. Gp 7 


Yer again, to avoid theſe bigh Equations, le le us make a 5 


Third Suppeſits itzon ; ; Thus, 
Let 1 1]—=The Firſt Sum. = 
44 — The Sum after the Firſt Thro ow: 


Then a +5 = The Winnings at the 24 — . 
2434144 +Þa+5 2 5 5 Sum after the 24 Throw: wy 
Subſti. ; e S 44 ＋ 4 
5@ 21 Slee— The Winnings at the 3d W. Then 
[5 +6] : ee Te = 2256 Shillings by the e. 8 


can] See Heqoox5= 2256,25 

8 u 2 9]e +95 = v/ 333625 M$ 

10 = 47 . | 

aaÞ aþ 5 =47 

44 06 = 0& | 

40 + a þ 025 = 42.25 
. == e 


DM Wes 44 mak 851 ® hai 5 in his Pocke 


when he 3 to Po. | | 


F © OM. Pe th 
e | Note, In Re'olving of this Queſtion, I have made Three dif- 
rent Suppoſitions for the Thing lought; purely as an Inſtance 
to ſhew the Yourg Learner, how well he ought to conſider the 


OR 


Nature of the Qu-/t:o9, when he firſt States it, and make choice 


of repteſem ing the Thing ſought, fo as to avoid running it in- 
to Surds if poſſible, viz, As in the firſt Suppoſition of a — the 


fiiſt Sem, Ge. Not but that fuch Æquations may be ſolved, 


as ſhall be ſh:well in the next Chapter. However, it is moſt 
like an Artiſt to perform things of this Nature the neareſt and 

aße way they can be dane 
Pneſtton 33. Suppoſe there were Two equal Circles, whoſe Pe. 


ripheries (viz. Circumferences) are divided into 44310 equal 


Parts; and that thoſe Circles were ſo placed upon one Axis, as to 
mode the contrary way to each other; and ſuppoſe one of them to 
more, but one of, th fe equal Parts the firſt Day, Two Parts the ſe. 
cond Day, Three Parts the third Day, and ſo on in Aritkmetick Pro. 
greſſicn. viz, 1 2, 3, 4, 5, &c, And the other to move every Day 


the Cubes of thoſe Parts, viz. 1. 8. 27. 64. 125, &c. ef the ſame 


| Parts, How many Parts, and how many Days muſt each Circle 
mode, before the ſame two Points meet that were together when they 


In order to give a ready Solution to this Queſt;on (or any other 


in this d it will be convenient to premiſe this Lemma, 


The Sum of any Series of Cubes whoſe Roots are in Arithme- 


tic Progreſſim (tle firſt Term, and common Difference being 
Duity or 1) is equal to the Square of the Sum of all thoſe Roots. 
„„ ̃Ü7f p 


e e Thi bet 


2 . Sum of their Cubes. 


2 |44 = The Sum of all the Parts the 2 moves, 
344 ＋E 4 = 44310 By the Queſt, (Fer Lem. 
J | 4144 -Þ 4+ 0,345 = 44319,25 : = 


- 


ng 
ots, 


ez 


; 
vs 
1. 


w 2 


| Pound ; 


. 00 eee 
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4 2 . e 
ee 


5&2] „J alis 


* 


» Czrcle Moves. 


Next to find the Nader of Days hoy Moved There is given, | 
the Firſt Term = 1, the common D:fference = 1. And the Sum 
of all the Terms = 2:0, thence to find the Laſt Term, which 
in this Cale is the {ame with the Number in all the Terms. : 
Let a=1 the Firſt Terms, e = 42 the common Difference, 
and ;=210 the Sum of all the Terms, To find) = the | 


Laſt Term. As per Sect. 1. Chap. 6. 


Then yy + ey = 2: ＋ aa— ae by the 16th Sep Page 136, 
1 iS, I Sale X 2— 420 Sec. | 


Hence J=20 the Na of Day: required. 


I ſhall now. —_ to give an n Example or two ft the Mes 
thod uſed in Arguing about Unlimited Qu-F;ons, viz. luch _ 
Nueſeions Which admit of various Anſwers, — as thoſe 1 in 4. = 


ligation Alternate, promiſed in Page 127, 


la order to ſhorten that Work, it will be can veni ent for che 
| Loarner to know the Two S: ons of Compariſon 7 Ani Z. 
The $:zn 7 is of Greater than, As b 7 4 ſignifies that b 
is G-carer than 4. The Sign L is of Teller an. As , — 4 : 
hgnijies that 85 is ao than dy SC . 5 


Example 1. 5 


Queſtion 33. 4 Tobacconif hath three 80 orts. of Tall, VIZ. 
one of 25. 8d, the Pound, anther of 20d. the Pound, and a Third 
Sort of 16d. the Pound; of theſe he would make 4 Mixture to 
contain 56 Pound that may be Sold for 32G. the Pound: Het W 
much of each Sort may he take ? 


Let 4 the Quantity of chat Worth 32 Pence the Pound, 
chat of 20 Pence the Pound, And = chat of 16 Ponce the 


3 | - viz. ah 88 1 
Then 4 * ec 1 7 56, 77 ed into its own Price, Equals 
) their Sum Ma peed: NL. » the 


Aran Price, 


632 5 


Jeon Number of Parts rhe Firſt circle 5 


The Number of Parts the Second : 


or 

This Queſtion being thus Seated, it appears by Rule 31. 
Page 176. chat it is capable of Innumerable Anſwers ; becaule 
for any one of theſe Three Letters 4. e. . there may be 
taken any Number at Pleaſure, provided it be Leſs than 36. 
But altho' that may be truly done, yet there are ſeveral ways 
of Arguing about theſe ſorts of Queſtions, which will Limit or 
Bound them to all their proper or poſſible Anſwers in whole Num- 
| bers, Thus, . N = 8 | e 
ei t , te.ai2>c-: 

And J * + 208+ 165 = 128K ove. 
10 3e 452256 — 4 . 
2 — 322 4 ꝛ0e ÞF 169 = 1233 — 324 
= SR * | 16e + 165 = 896 — 164 

4 — $1 61 4e=336— 164 1 

6 2 47 4 4 Hence a £ 1 

37381 „= 3 — 18 Hence & 7 7 =95: 


From the Two Laſt Steps it appears, that the Quantity ſigni» 


Fed by a, ought to be Leſs than 21, and Greater than 97; 
That is, any Number betwixt 9 and 21, may be taken for 


_ this Queſtion in whole Numbers, 


the Value of a. Conſequently there may be Eleven Anſwers to 


Suppoſ2 4 =19 Then e = $4 — 40 = 44 Per 7th Step; 
Ang: 7 == 26 ad =<0 For ich Jeep. oP ie 
Again, if 2 2 11 Then e = 84 — 44 = 40 Per 7th Step. 
And y 33 — 28==5 Per 8th Step. And fo on for the 


Reſt, which will be as 16 the following Table, 1 


. 3 | #4 6-1-3 | 1 
I T4 14 |-28 | 14: [| 38 }-12-j 25} 
4 35-| 24 117 11 491] SS [29] - 
1620 2020 4 32 
jw | 16] 23 0 TE TT 


IT Thusir will be eaſie ro find out and Colleck all the Limited 


— 


10 
11 | 40 | 
--F-83 36. 

i131 32 | x 


 Hnſwers to any Queſtion (of this kind) wherein there are only 


Three Quantities propos'd ro be Mix'd: But when there are 
More than Three, then the Work requires a little more Tron- 


ble; becauſe the ſingle Limits of all the Quantities above Two, | 


muſt be found. That is, if there are Four Quantities con- 


_ceiad in the Qu ſtion, the Limits of Two of them muſt be 


found ; If Five Quantities are concern d, then the Liens of 
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Three of them muſt be found, Se. As i in the following Le- 


Pe Dueſtion 34. Suppoſe i it were e to mix four Sorts of Wines 


together; VIZ, one Sort worth 7% 4d. the Gallon; another Sort 
worth 45. 7d. the Gallon; a third Sort worth 35. 8d. the Gallun; 
anda fourth Sort worth - 25. 9d. the Gallun; How much of each 
' Surt may be taken to make a Mixture of 63 Gallons, ſo as that the 
| whole Quantity may be Sold for 55. 64. the Gallon ; without Loſs, &c. 


Firſt fer all theſe ſeveral Rates, and the Mean TW be ** 


"WIE ro one anos, Viz. into Pence. 


n 1 biken v. 64664 


137 84 = 444. Ws 9d = 33d 


"Then pur 4 = the 83 of that Worth $84. the Gallon ; PT 
e that of 55d. the Gallon ; y = that of * the Gallen; and 


wa that of 33d. the Gallon. 


| Then] 4 1 | 2 ao bog 5 22 6 By the Queition: YO” 
And 2 nd e Ede he nerd 


_1—aj 3] ey Fu=63—sa 
2 45e + 44) + 33 = 4158 — 882 
3 X 33} 51330 + 39 T 3 = 2079 — 336 
4—s| : 210 {+ 1) = 2079 — 554 
6 1 A 
3 * 5 55. ＋ 59 + $58 = 3465 — 558 © 


2 910 ＋222 = 334 63 „ 
9— 1110 e Hence a 7 * 21 


From the 7th and roth Steps it appears, that che Quantity 


of that Sort of Mine denoted by 4, muſt be Leſs than 377 
| OWllons, and Greater than 21 Gallons : Thar is, it may be 4 = 
ay Number of Gallons berwixt 11 and 374, Whence it fol- 
lous, that there may be Collected 16 ae to chis E 

| ou the Limits of 4 only. 5 


Next to find the Limits of e, » and u. - 


- on . Then will 34 110. et 34 = = 66 : 
Bur] 12 ze +y = 189 — 54 = 79 Per 7th Step. ” 
12. —2e 130 = 7% - Hence -e .. — yo7 


Again 14 e+)3 +u=63=4=41 per Tuna Step. 
1 a. . 
ö 16 n klence 0 7 38 


From 


= "Aigebaa, 5 


From the 130h and 16th Steps it appears, that if 4=22 
 Then-# = 37 += 79 — 2e = Ts And u =e — 28 = I 


Again. 


— 


"I; [17 a=23 Then 54=115. And 34a=69 
Bar| 18 ze +y = 189 — = Fe. 7th Step. 
18 —2e 19 274 — 2e Hence e 237 
Again 20 e+y+u=63—8= 40: Per 3d Step. 
2 — z2I [OY Þu= 40 — e 
21 —19|22lu=e— 34. Hence e734 


From the 19th and 22d Steps it appears, that if « 4 = 13. 
Them: e may be either 35 or 36, | 


Once more for a further Illuſtration : 


Let 2314 2 24 Then 5$4=120, And 30 2 11 
But 24 20 5 = 189 — 34 = 69. Per Ith Step. 
24 — 2025 y=69— ꝛc. Hence L Þ =345 © 
Again 26 ef) Fu=63—=4a4= 37 Per 1 


26 — e 27 y+Su=39--e | 
27 — 25135] e 30 Hence e 7 30% | 


From hence it appears, thar if @5= 0, Then e may be 
either 31. 32 33 - Or 34. viz. it may be any Number 
betwixr 30 and 34 by the 2 5th, and 28th 9 from whence 
the Values of and # may. be Oy” found. 


Thais, if J. 3 285 2 
0 | J | 72 Bt 2 | 1 3 


Proccedi 3g on in this manner with all the other F ngle Fake 
of 4, there may be found above 120 An/wers to this Queſtion 


in whole Numbers: And if you pleale to put 4 = Fraction, 


- there may be found an Innumerable Ser of Anſwers ; whereas the 
| Rue of Aligation in Vulgar Arithmetick affords bur only one 
 Ariſmer in Fraftios ; to wit, that of a= 315,- e == 19% 
= 9h; #= 104. As may be eaſily rry'd, per Rule Page 
117 

Theſe Two E xamples being well underſtood ( eſpecially 171 
the Laſt be how purſud) my ſuffice to ſhew the Method iſ 
_ of Limiting the A41uſvers to all Sorts of Queſtions of this kind, 
I Gall therefore conclude this Chapter of Queſtions, with gi- 
vipg a Solution to che Enigma (or Riddie) Propoſed ho w 


* 


ber 
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not we Anſwered) by Mr. Fohn Kerſey, in the Cloſe of the Appendix _ 
to his 4rithmertich, which affords ſeveral pretty Queſt ions, the 


gilntion whereof will diſcover a certain Sentence conſiſting of 


Three Words, which muſt be found by the Help of Figures pla- 


ced (er ſuppoſed to Fs e over the NO Four Lecter: of the 
| Alphabet, 


. 5 kee. Called Indices. 

Thus{ | b. e. d. e f. g. &c. to the laſt Leerer, 
do that if the Iadex of any Loans be once found, the Letter o 
0 nich! it — is 8 known. 


"The Anigma. 


1 the Difference berween the Indices of the Se Lk 5 
af the Seeond Mrd; and the Third Letter of the Firſt Mord, be 


Mulciplied 1 into the Difference of their $ quares, the Product will 


be 576. And if their Sum be Multip/ied into the Sum of their 


| Squares, that Product will be - 336, the Index of the ſaid Third th : 


Letter being the Greateſt. 


erf 11 TheGre reater 1 that of the Mt - 
And] 2 25 — The Leſſer, or that of the Second Letter. 
Then 1 e EN = 576 $85 the Queſtion, : 


| |} ot bode + ee — 2336 
1 


34% | 5 | 444. 44 — are = eee = 576 
4X- | 6 aaa Tae + ace T cee = 2 112. 
6— "57 7q_ .. 0 "= 2766 
67, $1414 T -e, + zare Þ ece = 4096 
8 3 9 4 Te S 4096 = 16 
eee 36 = 2425 = 146 
1 a 34 
„% e . 256 i 
11— 10112 2 1e 
10 — 12 13144 — e 
123 un 21 14] —- N26 == 6 5 
1G * 1415 71 75 appears, that the „ 
15 — 2116 4 1 Letter of the iſt Word is l, and 
g9—16| 17, ex the 2d Letter of the 2d Mord is e. 


Note, Tn order to ſet down the Letters (as they become found) in 


| their proper place, it me * convenient eo o Jupph the vacant Places = 


With Stars, 5 3 


| Thus Firſt Word { Word Third Word. 


4 „ VVV 1 5 
hc — — ; a ad a 1228 — 75 5 
. ee ee 


232 : Algebꝛa. Part ll. 


— 


1 The T. Aer, aſt found, are the Two Extreams of Four 


Numbers in Arithmetical Progreſſion, the Leſſer Mean being the 


Index of the Firſt Letter of the Third Word; and the Greater 
Mean is the Index of the fourth and laſt Letter of the firſt Word. 


Wig. 1 7 9 ; 11 are the Four Terms in Arith, Progreſſion. 


Whence ir appears, that G (whoſe Index is 7) is the Firſt 
Letter of the Third Word; and that i (whoſe Index is 9) is 


tte Fourth or Laſt Letter of the Firſt Word; which being pla. 
= ced down, will ftand thus, 


„ 
% The Second Letter of the Third Word, is the ſame with 


the Third Lerter of the Firſt Word ; and the Fifth Letter of 
the Third Word is the ſame with the Laſt Lane of the Firſt 


Word. : 
| Whence the Letters will ſtand chus, 


Y ** . 4 IAK · e | 


4 The Sum of the $ uares of the Indices of the Firſt and 
Second Letters, of <L 


irſt Word is 530. And the Produdt of 
the ſame Indices is ſeven Nines of the Square of the Greater 


Index, which is the Index of the ſaid firſt Letter. 


Let = the Greater, and == the Leſſer Index. ls. 


Then] 1 8 40 520 
And 45 1 cue to the Date 
1 | | 


1 — 4 


ed 


3 ; #= 54 f 


955 38 2 r | 


5X81] 6; "phone A — - 4944 


6 +4944| 7|13044 = 4110 


a 0 un 2 9 a4 =v 324 = 13 Irs n 1: 
| 10 5 e —2.— 14 ** Letter is E 5 


7 — | | 8 4 1 = 326 


Js 8 


5 Hence the Lenrers will ſtand thus, Sol, e 5 e 


5. The Difference EINER the two Laſt Indices, i is the Index 


| of the Firſt Letter of the 2d Ween; v3.1 8. — 4 4 being | 
the Index of the Letter D. _ | 


| Thenthe Lancers will Rand hs Sali De, 2” GL, is 


— 3 „ 


= 1 8. The 
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6. The Third and Laſt Lerrer of the Second Word, Alſo 


| the Third Letter of the Third Word, are the ſame with the 


Second Letter of the Firſt Word. 


FIence the Lerters will ſtand thus, Soli Deo Glo bY 1 


. The Sum of the Indices of the Fourth Lees of the Third 


Whed, and the Sixth or Laſt Letter of the ſame Word, being | 


Added to their Product, is 35, And the Difference of their 


Squares is 288. The Index of the Laſt Letter being the Leaſt; 


Pur 4=the Greater, and e the Leſſer ä as before. 


| Then I a + aÞe==35 
And 17 _— >= kee. Data. 


Pe 


32 4+T | 4 N For e a + 1 =ar EY 
1 | * e 


. 1225704: 44 
2 +5 | 44 = - 283 + | FEST 


N 44 &c.} 7 | 145 o+ 24? +a aa — 28844 * 2 9 288 | 


+ 1225 — 7c ＋ a8 


7 7D. By af + 24 28848 >> $068 1613 


The Laſt Equation being Reſolved according to the Method 


ü which ſhall be ſhewed in the next Chapter, it will ye 42 = 17. 5 
It's Lerter r; 3 And from * 4/h * e= E — 1 the In 
es of the Letter 4. 


Then theſe Two 3 2 les lcd 3 to > the N 


| aboxe, are all that a are — 0 by the Gogne to 5 
— Von, 25 


al Deo ge 


un ena, 


2.34 1 8 5 = _ V'qebra. 885 Pare Il. 


8 Se 


8 — 
Ii. Let 


„  — ESSEN 


CHAP. X. 


The Selurien of I dfectcd Zquations in Nuwbow 


Before we proceed to the Solution of AH Equations, it 


may not be ami's to ſhew the Inveſtigation (or Trvention) of 
thole Theorems or Rules for Extradting the Roots of Simple Powers, 


made uie of in Chapter 11. Parr 1. 
I ſhall here make Choice of the ſame Letters, to repreſent 
the Numbers, both given and (ought; as in oy C AY of 


"6, - always Sn the ir en end. 
any Number taken as near the true Root as 
Umay be, whether it be Greater or Leſs. 
Fthe unknown Part of the Root ſought, by 
2 \ which r is to be either Increaſed or Decreaſed, 


- "Then if be any Number Leſs than the true Rot, it will 


— — 


- hs r + e = the Rove ſought, 


But if r be taken Greate: kan the true e. it wil chen be 


— 1 — e = ihe Rot ſought. 


And put D for the D: toidend that 15 lod from G 


= 1 it is Leſſen d and Divided by r, &c. (into the Co efficient 
ef Adfected Equations) neee as * Nature of the * Tee 


| quires, 85 
© Theſe Things being premiled, we : may proceed to 33 
Theorems, © 
| | _ | Seftion 1. 
1, For the e. 8 viz. 4a = =. dee a 
Ler _— = PL 
1@2] >|; 2 [rv 1 ꝛre Tee = 4 
5 . 34276 þ ee =G—wCal iD. ITY - Con 
: | | D This ſhews the iſt Meth d 
Then! | 4 — — =-Jo Extracting the C at. Roots 
e | | TIS : Sec J. Chap. 11 Pars wy 
3 8 5 5 e 2 — 
| * | Oe, 
Vic h gr 25 this Theoz'n 4. FS de . 
fe Av irbenovieal Operate ns Tu de ny weſe ne "4 


——_— 


Ci a 15. Of avir® o Fquarins, | IF 


2% ax. 


=o ”—— 


reer tn: Learner, lupp' z him by this iime to naderſtand 
them without any mor. v ords than woart is there expreſt.. 


. Ex rat the Cube Root ; viz. 444 = G. Quere 4. 


= nl ſr Fegg 4 Suppoling Leſ than the true Root. 
10 3] 2 + 37re zree + eze = aaa = — 6 
cg, 3] Zrre Þ 3ree Þeee = G rr 
G — rr 


1 e 25 þ== . 


| 297; : 


Let cy * be Rejefled or Caſt 'f, as bag of (mall Falue : 
Thea i it will be, re es ee =D, which gives this following a 


Theoꝛem a = 
mt re. 
7 By this Theorem or Rule, the 1% and 20 Examy' et in Cafe „ 
F Page 132 are perfornid; the which bein 8 compared With rs: 
Theorem may be very ealily unceritood, = 
be | Again, Suppoſe 444 — = ©: (4 be fare) Ard let 1 be raken : 
Greater than the true Root, | 
6 Ihen 17 17 —e 2 e' being Reje &: 
4 1@ 3] 2;rwr — 3rre + 3ree == 4 eher as above. 
ot 2 T 3 Zrre = Jree =7rr — 0 | | 
| „„ rr - 
he —＋ 2 ee ee 
Wick gives his chen A e ; 
By a Theorem the Toirg Exams e in casa 2, ra 133. is 
perform” d. 1 „% e 
5 Il. To Extra® A Siquad: ate Rove ; viz. a 28. Quere 4. 
bd _ Let | +e=a Suppoſiag Le /s than Juſt, . 
00h, 1 G- 4 2 | 71 Farrre Ts xrree > Kat eg Rejecting all the For- 5 
2 * 31477 — Erree = Crt 5 ers of > above %N 
. 2 =, 1 . ⁊re * 362 © — 5 — D 
_ Which gi es this cen; 8 
1 7 
* f i 


| Wy Sue. 


ae om. Part Il 


By this "Theorem the Biquadrat Root of any dr 4 may be 


Fes Extracted. But as I have already ſaid, Page 134. thoſe Ex- 
tractions may be very well perform'd, by Two Exrrattions of the | 
| Square Root. Vide Example Page 135. Ez 


IV. To Extract the Surſolid Root, viz. & 8 = 6. Sb 4. 
If r be taken Leſs than uſt, then 7 þ = 4 As Adm 
| Ard{ ED == =D. Which gives 1 rhis \Theozem J, 


By this Theor. the Surolid Root Examp, 1. Page 136. is . 
But if r be taken Greater than juſt; "Then y - 


: And = — 2 = D. Which gives this Theozm { 
By this Laſt Theorem the Fxample in Page 137 is WP | 


NR TE 


The: fm t neciileſsro purſue the Railing of theſe Theorems, 


: Fn E king the (ots of Simple Powers, any further ; be- 


caule the Merand ol doing it is General, how high oever they 
are; and e refore i may be ny underſtood oy” what is a. 


e | Seftion 2. 5 | 
Nocwichitandi ing I have already ſhewed the 1 of N. 


draticl N Two ſeveral ways, viz. by Caſting off the 
Loweſt + Ar! Compleating the Square, vide Seth, 2. 
P. g- i553, C. Tet 44 may not be amils to thew, how thole 
Equations may be Refolved into Numbers by this Untverſal 
Method of Continued Series; wherein, if the Firſt er be ta- 


ken Equal wo he Firſt true Root or Single Side of the Reſolvend; 


And every Sin, Va de of e f ir becomes found) be ſtill 44. 
ded to it, for a acw r, Then thoſ: Roots may be Extracted 
without repcating a Second Operation, As before in the hs 


Powers, 


Pur} 1 Je . „ 
* 2 rr are ＋ be 4 | | 
I X26 3| :br + 2be=2ba | 
os 4 r | 
4—= &c| | F 2re + 2beg + ee =G —r—=2br © _ 
12 ws Lal Ro . 


* 5 gives this Tr; 5 35 5 
: Suppaſe 


b 1. Ler 4 aa + ha = =6. Tis required to find the 2 
of 4. ; 


"03 1 en ew R8ﬀ W#@p www 6 


fe. 
le 


le 


| Therefore the Firſt 1 C. 6000, Let r = 5000 Then 


| rſtr-þb=5364 0 3026432, =D (foo =e 


2 Diviſor 6193 ——ů— 
| 3dr + b =6224 = 


A Firſt v = 5ooo 
ele. If aa—244=6 Then proceeding as above there | 


this Theozem —— oe 


. In the Solution of all Adfected Equations, that are above (ar = 


4 above its Square (cc) are to be rejected or Caft off ; As before 


Chap. 10. Ot Adfeited Aquations. 27 


Suppoſe b — 364 And G == 38692865 

If r = 6200 "Then rr = 36000000 And 2br = 4368000 

But 36900000 | 43680 = 403680c0 7 38692865 = G 
1ſt 7 = 50co 193464325 = 28 - 
_ b — 364 h — 1432cco, = 27 + by 


+ re 2 400. | 461 12 


1 Divifor 5764) 41523 (6. 
2d rÞb—=6164 37164 TT 


43592,5 . 867 _ 


EE 
472 n 556, =4 li un redurel. CV 


vill ariſe this Theozem J —— — = bs. 


b< - — &c. As above. 

I think it needleſs to trouble the Reader with the Wark of || 
theſe Two Theorem in Numbers; becaule if the laſt Example of = a 
Cale 1. be underſtood, the other will be eaſie. Not but that | 
the Method of Compleating the Square is very ready and eatle, as — 
you may obſerve by the Work in teveral Queſtions of his _— 


gedin 3 


higher than) Quadraticks, it will be the beſt way to take r | 
the next neareſt Root of the Equation: And then it will be 

ere if x be Leſs than juſt; Orr —e=a ift 
be Greater than juſt (as at the beginning of this Chapter.) And 
all the Powers of the unknown Part of the Roos (viz.e) 


+. 
— ES. RT 


ia 


4 
* 
1 
133 
F 
v4 
'$ 
0 
| 
: 
1 


1 
= —— 


—— — 


3 Toh i”. * 


2 &. 2k. A - 


* —— — 


| Which gives 1 this Theozem d +2 = 


mn... 
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in n Raiſing rhe — for che Simple Powers. And therefore 
it is, that ro ſupply the want of thole Powers (above ee 1n the 


Theorem) the Operatzon muſt be repeated: As in tae Example 


of Extract ing the Cube Rot, Page 133, viz. when the ri gures 
in the Root contitt of more than Three Places, vide Page 149, 


and 141 * aaa ba = G. Quere 4. 


Ler +e=a viz, Let r be tuppuled Leſs than, 
16 3 by + 3're & 3ree = ee C. F 
I * . 3 [br + = ba 1 
2 * 3 | 15 TE br + 3rre + bet: zree — = 10 
FE =» 1 5 nr ob tb 1 = Þ+ ee — 
| 3 _ &c. . . AN” + 1 20 = 6 _ zr — =D 


Bur * be taken —_ than faſt, Then it will * 
re * — er = = : wr 1 50 * 5 89 Wach produce 


this Tx; 125 


5 either of thele To. * the Value of 4 may be ea- 


TOW 8 


lily found. Or rather otherwiſe as in che following e 


Let aaa - 244 = 18387914 Here 6. 3 


3 Suppote the Firit r == 90 Then 73 72900 7 387914 
without the 24 59 being Added to it: Therefore r © 90 
Again, Suppoſe r = $o Then r' =512c00 And 24 r — 1920 
But 5:20000 oF 1920 = 519320 L. 587714 Hence T6 

bur nearer to it than 90. Therefore 


it muſt bel Ire == 4 1 than juſt | 
10 3| 2Irr ＋ Ste 1＋3 ree = aaa ” 


Wt 1 1 or ee SH 
249070 = 44 : 
3, in F 21920 + 240 = dane 244 2 8 | 75 
= 4 + 5 1 + 19 24e * 24e = = = 587914 4 F 
35 — 513920; 7 er ＋ 240ce = 739944/ſ — 
= Ys a] (56s. = 30631 =D. 7 
3 — 8 | 1 | . 


Operation 


4 


24 — — 


Crap ro, Of Adfected Aquations. 239 


— Operation 80 1) 308,31 =D (3,7. == 2 8 


Hey oe To 
, . Diviſor 83 1) 30% %//ꝗq% Fill 0. 
J | 138 1 1 55,66. | + e = 3,7 
1. Diviſor 83,8) 35 rÞe=83,7 


Or rather New r = 83, for a Second 1 Operation, which-- 
he: ng involved and tried 8 above) will wy found Greater than 
jaſt: erg | | | | 


0 wel be r — e 4 | 
1G 3| 21rr— grre + gree= 44 
Ix: 4 lar e Sage © . 3 = 


. AS 25 - 


in Numb. 1 20088 — 24. 244 (914 
475 $1583385,033 2104, % f 251, lee = 387 
6+ 7 e eee n 


35 en 8 bind” Te 4 = 1 7 . =D 


de 1 18 
eg 5.8 . 85755. | | 5 
> Go. 837955) 1,87595778 (0223 Se 
| 1 02 1,6755 10 
1,  Diviſor 83,7755) ,200 477 
- — FT. 002 ,1675470 
Y 1 | Diviſor | 83,735) ,03290078 
- — ©=.00c3-..,02513196 
14 3. Diviſor "33 7732) 0077 6883 . ; 
of Hari ing once found half the Places of Figures for the Value 
70, of e, it will be needleſs ro form New Diviſors (as above); for 
5 the Reſt of the Figures may be as truly found by plain 1 ion 
on y. Thus . 
The laſt Din: is 83, 7732) 100776882: ( + Add 
2 7539588 ( 20000927 
15 Last : r= bi 7 „ 323927 = =e-: 
e 8 0223927 „„ 575464 e = 
2 — 8 bas 6775073 = 6168 560 
5 5 ons Ke. 
1 But if 1 more bed be required, you may make: the / 
1 New 7.= : $3, re And one: with it to a Third Ope- 
Fr 1 | 7.4730n ; 5 


— 
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Hg pation; "whick wit afford Twenty Seven Faces of Figures * 

the Value of 4, That is, every Opcratien will produce Triple 
the Places of Figures to thoſe of ihe precedent r. And this 
Ti ipling the Places of Figures in the Not, at every Operation, 
holds good, and is to be obſerved in the Solat ion of all AdfeRed 
Fquations (how high ſoe ver they are) according to this — 
of Reſolving them. See Page 141. RO 


„ Ver... 


——— At 
— — 


Example 2. Suppoſe 444 — Me =6 * 4. 
8 = Then re — 0 2 5 16 — J 


5— 2. 


which gives this Theozem 1 1 EL . * 


r PE TT EASE LEE ALL 
* 


5 But if — . Then re «i © + ee 2 — 1 r 


i! | | which gives this cinen 5 * 3 7s om 


> Or you may — ae W as in the Lat Example: 
= Let 444 — 64384 = 194785688 Here 6 — 6438 
Suppoſe the Firſt r = 500. r = 1250cocco and CI 
Tuben 125000000. — 32190co = 12178100 /%0ũ 3Yë?k - 
„ But 121781000 7 104735683 Therefore r 350 
4 | Again, Suppole 7. = 400 FF == 6400co0c0 and br — 2575250 
EE Then will 64000000 — 2575200 = 6142800 15 
But 61424800 4, 10478 5688 Hence 7 7 400 
| 5 Conſequently v is betwixt 400 and 500. But 5co is the next 
” neareſt ; 3 Tberefore, Let r = 500 being Greater thas ſuſt. 


1 — Tz, 
2 „e f pee = 60 | 

| 1* 3 —B cc 

VVV in Numb. 12500000 — 750ccor þ rooee = 446 
OW ER LO in Numb, :- 3219000 — 64386 = 64384 (5633 . 
f 


4 —35 6112178100 — 7435626 + 1500ce = 10470 
6. 7742 — 150 = 3 
1 „„ 7 ＋ 150 8 ee ee ; 


| MET Xi» 4 


bas „ 


= 495) 11330 * = # | 


—e=20:' 9% 

1. Diviſor 475) 1830  Fuſt r =yoo 
—e== 3 1416 — e 2 23,8 

2. Diviſr 473) 4140 r — e 2 as 4 


Let New r — 476 for a ad ene Then ye 1078 50176 5 
and br = 30644488 But 109850176 — 3064433 = 10478 5688 
the ſame with the Rv nd. Conlequently a = = 476 Juſt, 


Example 3, Let ba — aaa — Gz — 4. 


| If r+e=6 Then 2 Er 1 = en i 


"kick gives this dd 


But if r —e=a Then re — = — 4 
f eee ann Therm) | 2 3 


r 


Or 3 as before i in the Two Laft Examples. This 


a — 
— — — — pe. vn—_— pans 
— . — 


Let 1234564 — 444 12272861. Here b = 123456 * 
Suppoſe the Firſt y = 200 Then rrr doo and 
| br = 24691200. then 24691200 — geονẽjů = 16691200 


but 16691200 7 12272861 , therefore 7 is here Leſs chan 
juſt, becauſe the higheſt Power is — or Negative. 


Again, Suppoſe r 300 then r*=2.7000000 and br 37036 * | 
Then 37036800 — 27000000 — #6036800 ? 12272861 : 
Conſequently r J 300 and r 7 200. 

Let r = 3oo . being the next neareſt, bur more than juſt = 
Then| Sir eife 
163] 2|[mr — grre + zree = 4 

„ zr —be—=be | 


2, in Numb. 4 27 £00000 — 2700008 ＋ gooes . 
3, in Numb.] 5| 37036800 — 123456 N 
5 — 4] 6110036800 & 145 544 ert 5 
5 — [7146344 — e - er 
7 + 855 8} 1620 — ce = 2484 = D 
SR —— — 
9472 


1 r CC, 


l ” B03 —=e- 1 


Opergz 


- . 


_— — 
— — „E „„ "om 5 
— G ” 


— — „ 
< I Eh L 2 A K —— wes 


x 
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—ͤ— R:v! ; — cen 1" f * - 
© © WO >. OO. CORSA LOR 
= Fut Wi 


a. a. —_ 
1 


* „ 


Operation. 162) 2484 — 
E ct ER 


3 Diviſar 152) 964 Firſt r= 3000 


—= 5 01S. | === 26.6 | 
2, — 146) 88/% 2834 
| 75 YG. | | e 


— — 


Or New - — 233 which being Iod Nec. will appear 
to be the true Roe. Thar is, 4 = 283 juſt. 


Wee, Theſe are uſually called che Three Forms of Cubick 
Equations ; and in the Swution of the Third or Laſt Form, vis. 


ba — 444 a you may meet with ſome ſeeming Difficulties ; 
de in making Choice of the Firſt , becaule this Kquation 
is an Ambiguous quition, and hath Two Affirmative Roots, 


viz. a Greater and Leſſer Root, Bug having once found either 


of them, the other may be eaſily obtained by . e 3 25 
in the Quadratick Æquatiins. Vide Chapter 8. _ 
As for inſtance, in the Laſt Example a = 233 
| And 1124564 — 4 = 12272861. Male theſe Toy 
quations = o. To wit, Let a'— 283 = ]] 
| Ard — b> bb 34564 — 12272861 0. 
"Fw, # = 283) - — 444 -+- 1234564 — 12372561 * aa ' 
"a 224 28344 5 5 


: _ — — 


e PR 
STE, — 5 N : e 
+ 433674 — 12272861 @& 43367 

+ 433674 i 
95 15 e 


Hence it appears, Si — 44 — 2334 + 43367 = — 
Conſequently aa + 2834 = 43367 this Æquation being 
Seed 4 = 110%722 Kc. which is the mor He of the 


” aforeſaid Equation ba — 44a = G &c. 


_ After this manner all the poſſi ble, and impoſſi 81 ſive of any 


_ - Square may be eaſily diſcovered, any one of its Roots being 


once found. I ſhall therefore omit n more Ranges of 


that kind. 


Suppoſe 444 + bas + c = G. Quere 2. 
Let b= 74, c =$729, and G= 560783 
By Trial 'as before) it will be tound that the next neareſt 
1 40 on n Le; than 1. 15 3 
4 5 8 e/z than juſt, | Therefore 


[ 


34 


67 


ing 
the 


4 


ing 
; of 


reſt. 


ore 


Chap. ˖0. 
ö 


J in Numb. 


15447 


— * - 


of 41 "= 


9 | 
10 2 x brr ＋ 2bre + bee = bas 
Try * 37e = JZ7ee—= aaa 
349160 ＋ 8729e ; 
118400 + 55202 4 74˙ e 
7 64000 + g8ooe „ --- 
853156 I 19449 T 194ee = = 560793. 


2, in Numb. 
3, in Numb. | 


5 Idfete zquations 2 


2. | Divifor | 10 
Or New = 41, 


9 5315601 994496 F 194% = 29223 

1 = - 194] 10 106,30 + ee = 153,06 =D 

10 - eg 

Operation. ns 153, 0 1 423 N 
ein Firſt 4 

1. Diviſer 101,2) 5,8 „ TOS Gf; 
7. 5 r roſes. 


4,04" ; 
7 2 Sad Operation, which being duly ” 


 Inwalved,, &c. will be found more than * 


Therefore HFS = &C-: 


2100 — e = EE: | 
: Ther 3 |brr — 2bre + hf =6 bas 


| Thiele being rurn'd into Numbers, &c. As . they $i 
1 * vill be 20 837. 76e — 198, 52e == 390 „ 


Divided by 138,5 


150 9356 — ee 1,966024 Se, D. 
9: er . : 790946 


i, Dixie. 10, 936) | 


— e 59 


"nb or 100,927) - 
* Here I proceed by 


plain Diviſton, without 
ormingNewDs viſor. 


Laſt 7 = 41; 5 - No 
_ 2 9194347 | 


— e=41..305153= = 7 233 


4 ur — vre 5 


3700 = 446 1 


the Coefficient of 1 


1,9566624 


(org = | 
102936 _ | Leg 


957204 
908343 


(.coog847 . 
09 / e 


* 489210 
403708 


855020 
do) 85 


; — — — 4. 


. 
— 


which being 
will become f 


Een — 


| 
| 
| 
1 
| 
} 


| 
-1 
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poſed for a Solution. 


1 * 4 
as hte brrr 3 


Divided by 2232 the cafe of 5 | will 3 


fs Operation, 10) 22 * =e e : 


few Emnitions (bei 2 exrefuily -bſerved, ] preſume the Learner 


of Eun: 


in jou will {per2ps) find lern | Equations with thai * 


Leet the Laſt Æjuation in the Eni gma, Chap. 9. be here pro- 


viz. cet bens — ch — da =G- 
b=2,c=288 . 4= 506 and G=1513 Quere a. 


By Tryals it will be found, char the next * neareſt = 120 
: being ſomething more than juſt, 


Therefore | pf —e=s - i 
eee ee 


* — bs _ Erree = 44 


| ' Theſe being turned into Numbers, and thoſe "IEA co lade 
. accor..ing as the Signs of the {Equation airect, they will become 


50680 — 22374 + 223222 = 1513. which being all 


8 le — ee = 22 =D. | 


Then 2 7 2 


LE] 2 
Diviſer ” 


Firſt == 20 5 
—.— 2 


r 2 17 = 3 « juſt; 
By wha har p been al: eady done, about the Soluticn of theſe 


will ua be ve how to proceed in the Solution of all kind 


de they cer lv High er Adfected; therefore I 
cball aut h. ropoſe many varicus E. .o mples, bur only take 


them as che, fall in Courſe when I come to the next Part, where- 


25 are not conenn. 


cn 14 


See the End of Chap, M 


. P)) oo rr oo, 2 


; „ BGG 2 | Ts 
* — a % ed a as 4 - 
FP ˙ ... 
—̃ ² > TE i | — | | 


Chap. 11. Of Simpic Intered: . 
e CHAT AL CHE 
ol «imple Interclt, Amnaities + or Penſions, &c. 


Intereſt or the Ute paid for the Loan of Money, is either 
Simple; Or Com pcund. 95 


Siet in I. of Simple Intereſt. 

Simple Int creſt, is that which is paid for the Lan of any Prix. 

cipal cr Sum of Morey, Lent out for ſome Time, at ny Rate per 

Cent: agreed on between the Borrower and the Lender; which, 

according t to the Las of England, ousht to be bur dw Prams 
(reduCd to 51. by a late Act of Parliament.) or the Ule of 
100 l. for one Var, and Twelve Pounds for the Ule of 1001. 
icr Iwo Years. And lo un ſora Greater or Lt Her Sum, pro- 
porti nable to ihe I me p opol.d. 

There are leveral wars of C "42127 (or dnforring Queſtions 
abou:) S:imp12 Intereſt ; - as by the Single and Double Ne of 
Three (See Page 95, &c.) others make u of Tables Compolcd at 
ſe eral Rates per Cent. As Sir S muel Murland in his Doctrine 
of Iitereſt, both Simple and Comp-und, is all performd by 
Tadtes; wherein he hath detected leveial material Errors cou 
mitted by Doctor Newtcn, Mr. Kerſey upon H gate, and Mr. 
Clavi), Xc. in the Busines of Computing inter A Kc. * her 
T.bles, too tedious to be here repeatec. 5 

Bar | mall in chis Trac take other Methods, and hew thas | 
all Don r purat! ons relating : Sime Intereſt, are grounded upon 
Arithmetic! Progreſſian; ard from thence Raije iuch General 
Tieore: 25, as WII! ſuit w Lich all Caſes, In order to that 


P= Any Principal or Sum put to Intereſt, | 
"PR * — = Th * Rubio of the Rite, per Cent. per 1 | 12 
* 9 = The Tim? of the Dc pal Cuntinuance at Intereſt. 55 
4S= he Amcunt of the P.inci pal, a nd its Intereſt. 


Note, the Ri: io of the Rite, is only the Simpl Intereſt of 1 „ 
for one Jar, at 80 given Rete; and its thus found, |» 
100: 6 :: 1: 0,06= the Ratio ar 6 per Cent. per An, 
Or too 7 2: : 0,07 = the Ratio at Seven per Cent, &c. 
Azain 100: 7,3 :: 1: 0 ,075 S the Ratio at 7 and g per Cent. 


And if the given Tine be whole Tears; then e = the 
Number of thoſe 7ears: Bur if the Time given, be eicher pure | 
Parts of a Year, or Parts of a Tear mix d with tears; thoie_ 
Parts muſt be turn'd into Decimals; and then : = thoſe 


Decimals. &c. Now the Common Parts of a Tear may be 


cally 


FFV 
dne Quarter = ,25 


246 hi "Algebra. 3 part Il. 


. catily cuin'd or conv —_ into Decims/ Farts, it it be conſidered 
, Day is the 35 Part of a Tear = 0.60274 fere 
* That One Month is the IF P.rt of a Tear o ,0833333 &c. 


Quarter is the , Part of a Year = 0,25 


Theſe things being prenuſed, we may e ro Reiſhig the 


Toeorems- 
"= "Wl R= the Intereſt of il. for one Thar, As before. 


Then 2K = the Intereſt of 1. for two Tears. 
And 3R = the Intereſt of 11. for three Tears, 
I == the lutereſt of 11, for four Tears. And lo on 
tor any Number of Years propoted. 
Hence it is plain, that the Simple Interef x; one pound. is 2 


- ge / ies of Terms in Arithmetic; Pregreſſion Incre. aft ing; Whoſe 
firſt Term and Common DF rence is R. And the Number of 
all the T-rms is 2. Therefore the Laſt Term will always 

| 1 2 the Intereſt of 1. tor any given Term bgnified by * 


As one Pound: Is to the Intereſt of 1 .: 80 35 any 
— 4 P, _— or given Sum: To its Intereſt. 


3 Thar is, * FR 25 2 K == the- Intereſt of. P. : Ties 
the ieee 3 Added to ius Intereſt, their Sum will be =4 
= the Am une required: Which gives this Genera zl Theorem. 


Thyeoꝛem NG L P= 4A 


From . the 3 toliowing Theorem: 3 eaf y ded uced. 


EO Theo: em 2. 1 


. 


RFI =>.  Theozen 


| Theozem 4: CES « 55 2 . 


Thee Four The eorems Reſolve all Nc i PI Simp!: Intereſt 


| Queſtton 1. What will 2551. 105. Amount to in 3 Tears, one 
5 Queer 2 Months, and 18 Days, at 6 po. Cent, jer Annum. 


Here is given P=256, 5. R 0,06, And =; 46675 
5 Q ere A. Ter Tlem em Is. 


2 Months — „16667 — 2 1 9s * 2 
18 Days — = 0,94932 = 0,00274 X 28 


Hence = 3,46599: „0,06 92079594 — == -'R 
Then o, 307904 x 236,5 = 53,3415: 6 = RP 


And 53,341586 ＋ 256,5 = 309, 541586 == R ＋ 24 | 


Thar 1s, 309.041 586 = _ 5205 16s . 10. + bring the Antwer 


required, 
Quetion 


on. 5 &@. 


ver 


n the Ratio, v3 R accordingly: 
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—Nucttion 2. What Princi pal or Sum being put to Intereſt, | 
will Raiſe -a Stock of 309 l. 165. 10 d. in.three Years, one 
Quarter, Two Aonths and 18 Days; at 6 per Cent, per Au. 


num? 
Or the 1 Queſtion otherwiſe ſtared thus: 
That 1 3090. 165. 10d. due 3 Tears, one Quarter, 2 Months 


S and 1% Days hence, worth in ready Money ; Abating or Diſcamting 


6 per Cent, &c. 


ee een A= 309841596 Nes + , 
1 0 as before) Thence to find P. Per Theorem 2. | | 


Firſt 3,46599 X 0,05 = o, 2079 3% =tR _ 
Ther: ;REI=1L1 2779594) 309. 8.41586 =A (256, r 
Thar 2 2560 10s. the An/wer required. 


Queſtton 3. At wh at Rite of Intereſt, per Cent. &c. wil 2356, 
10s. Ameunt to 3091. 165, tod, In 3 Tears, one 3 o 
Months and 18 Days. 8 

Here is given, =256.5, 4= — 309,841 536 and = 345599 a 
To find R Per Theorem 3. 

Firſt 359 506 76 53. 241786 —=4—p : 
Next 3.46595 * 256,5 = £89,016435 K 


Ani R= 889, 026435) 53.341386 (o, os =the Ratio: | 
Then * 11 : 6,06 :: 100 5 6 = the Kate required, 


Aneſt ion 4: In what Time will 2561 . 10% Raiſea Stock 
of (or Amount to) 309 U 16s. 10d. at 6 per Cent. &c. | 
Here is given, P 256, 1425 309. 841 556 and 9 8 9,06. 
To finde Per Theorem 4. | 


HFirſt 309, 841586 — 256,5 = 53. 341586 = 2 


And 256,5 X 0,06 =15.39=PR 

Then 15,39) 534341596 (3,46599 =t | 5 
That 1s EF=>= 4 Years and 546 599 Decimal Parts of a Yar; CEE 
which may be We into Common Parts ui a Ter, ths 


0.46599 And 0,68333) 0,31799 (2 Months, 
55,25 — one Quarter Op 36666 -- - 
„1599 . 20 604933 (18 Days, 


Hence # — 3 Nas one e 2 ans and 18 Days; 
the Anſwer required. : T 


Ir muſt needs be eaſie to Canceive, ao wbat is here done 8 
at 6 per Cent. may be done at any other Rate of Intereit, by | 


Scholiuns | 


3 — . W — — — — 


* 
—— * 1 K —_ 
* q ” 


_— * 


£4 # 
* 


Hay Ys ro wy > — —ä—j—E—— — * 
. r — 
a — CG. — 
K 2 * 0 * : _ 
* - ; 


— — — — 


— — — -= 7˙r„ . 4 I 


ns +294 


20. a. 


pm = 


= And 22 = the Rent. 


” | And 3u =the Kent. 


Scholium. 


Altho it 1 be according to the Laws and Cuſtom of England, 
to Compute Intereſt at the Proportion of 6 per Cent. (as above) 


- yet he that takes up Money at Intereſt for any Time Leſs than 
Even or Compleat Years, pa;s more Intereft than leems reaſo- 
| nably Due, according to the Rulcs of Art. 


As for inſtance ; If 1 col. be forborn ar Intereft one e Whole 


Year, it amounts to :06/, Bur (I ſay) if it be paid at the 
Half Year's End. ir ſnould r.ot amc unt to 103/. As appears 
from this following Proportion. 


Let a= the Amounts due at the Half Yen End ; Then it 
will be 100 2 4 :: 4:106 the Amount at the Year's End. 


 Ergoaa=1c6co And a=, 1o6oc== 02,955 3=102:-1 99.154, 


which is Lels than 103 J. by 104%. And if it be paid in Leſs 
than Haif a Year's II ime, the Error muſt needs be the Greater, 


Sai, 2. Of Amnuities or ' Penſiens in Amman 


Computed at Simple Intereſt. 
Anmut or Penſicn:, &c. are ſaid ro be in Arrears, when they 


are payable or Due, either Yearly or Half-yearly, &c. and are 
_ Unpaid for any Number of Payments, Therefore the Putinels is 
to compute what ail thoſe Pazmert's w.ll Amount unto z Allowing 
any Rate of Simpie Intereſt for their Foibearance, from the 
_ Time each rente en 8 became: due : Now in order to 
5 that, 


* = the Annuity, P "flow „, or theh Rene, Sc. 
the Time of its Cneinuamce, or being Unpaid, 
& the Ratio, or Intereſt of 11. for 1 Year, As before. 


4 A= rhe Sawant of the Annuity and its Intereſt. 


| Then if u=the Firſt Rar R, due without Intereſt. 


Re the Intereſt Eve at the End of the Second n. | 


:.-- 23Ru==the e } Due a at the End of the Third Tear: 


3RA the Ra, Nboe at at the End of the Fourth Ter 


4 the Rents 
4R. = the Intereſt 
u = the Rent. Due at the End of the Fifth Lear 


And ſo on for any Number of Tiers Hence it's Evident, thit 
| Ru T2 Ruþ RA + 4Ru+ 5u = A4 the Sum of all ue 


ww: and their _ veng forborn 5 d From worry 


_ a 
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ir follows, char & Ru + 2Ru ＋ 3Ru 4. gRu=4A — 7. 
YI Here &-= 5. Died by a, Then RÞzQ} 1 38 NAR eee | 


e) | Next 0 tind the Sum of this Progreſſion (Ser Page 135) ] bus - 
<2 R =. Then 14.2 GEES: 
o- WM Let! K ＋ 3 ＋CAR &c. — i The FI Eu Kc. K 
ole Here the dm of the Firſt and Laſt Terms are 4 „ 
PE And the Numbers of all the Ter ms 1s 4 = 1, Therefore 
„ pe 2 5 
ars — = the Sum of all the Terms. : That 5, ===> | 
5 „ | mM 7577 TH 
UT op 3 77K — -'R A — 72 | 
N Hence ual ai. *. Cone eque ntl | — — — 
nd. | 2 5 . = See u 
=, | Now from this 8 pn It Wil, be. 7 to CUE, Eke follows ing 
Lels Teryems. . . 
cer oh : "EX. 
wy 2 tt E.: dn Faw eeu—tu | | 
4 *orem. L 4 —— = Os i RN: Hur 
ars; : 5 1 Wn 5 
\ 2 | „„ eu»: 
1 Cars en 2. 1 * = IVecrem 3. — Sa Seen * 
fy RN 55 "I JJC 0 if yon FM. .- 3 
ler on L== x. Then, == += we 1 rem 4. 
Fa Th | 8 : * 


4 


(per Cent. for each Payment as it becomes due? 


Here is given 1225 1 + „nd Ro c6 To find A. Per 

70.1. Firſt 25 ie 171 ͤ7 — 12215 == 
Apain 12250—1750==10500=ttu—ru And >5:0,06 = 37 | 
Laſtly 3157-1750==2c65=AViz.20651 is the An. requi'd 


Duri the Annuity, Rent or Penſion, is 0 be paid by Qu. erg 
cr Half Yearly Payments, e. 


1 un pat. {Seven n Maat will it a 70 in * d Tins 


ar, Then yy :* = 0,03 = for Half Yearly Pay ments. | 
3 12 2: = 0,018 =R for Quarterly; Or o, = for 
„% | {ice Quarterly Payments. Example of Half early Pan ments, 
5 1259 250 1. per Annum, to be p by Half Tearly bs mentis. 
zr. verein Arrears or unpaid for Seven Tears, Woat would it Ayicint 
We vonmgs per Cent. per Annum for « each Payment as at Le- : 
ar: came Oue. | | „„ 
= In this Example there is given 4 = 1437 a the 
, g's Number of Payments; And k o, 3 . Ther ce to Hud 4, 
ll x 


a Firſt I2 1 * 14 =1750=tu. 1750 \F 4 — 23770 = 14. 8 | 
MY AESn2$50a=470==237 56th 7 Tze VV 
> And 


mm. 8 "0 „ 
And 1137 30 03 2341727 Lady 34 19 
Tt at is, 4 = 20911. 5. the Anſwer required. | 
N. B Hence it may be Obſeved, that Half 0 Payments 
55 are more Advantageous than Yearly : 

For 20911. 51. 7 2c66l. by 26/. 57. Cc iequently Quar- ; 
der Payments are more Advantagious than Half. THY 

— Payments. me | | 
Quscſtion 2. Hat real FOR " Penfion, the being 1 0 


Fe 1 unpaid Seven Wach wi Ruiſe a Stack of 206 3. allowing 6 ber 
N per Annum for e. ch Paym: nt as it becem: * due * | 


"Here | is given 4= 166 [Fa 7 And R= = ©, 86. To find 1. 


e per Theorem 2. 
Firſt 7 © 06 = 0,42 ih and 0,42 * 7 = 2 94 = = Ml 


Then z:R — R = 5:52. 


Lat iy 4 R R — tR þ 2e=16,32) 4130 = 
Thar is, 255% por Annum, . will R. iſ: 20551, the 5 ck te. 
quired. | 25 


| Queſt ion 3. "Is what Time wil. 250) Year: „Rent, Rei i 4 
=" ack, of 20551. Allowing 6 per Cent. Cc. for the Furbeararce of 
the Payments as they b.c.me Due? 

Here is given # = 250, A= 2065 And R Sees To ind 
Per Treorem 4. Firſt | | 


. . 85 2 53 3333 And 33) 3333=1=32.3333 =x=2 mY 


Then 166666 &c. — 2 Xx, 26,3605 &c. = {rx + | : 
_ 9225 wt. 333=24—RuAnd 275, 3333 Pac 3505 1 
2 146. 6938 = + zxxX, Then 536, 6933 = 23,1666 , . 
Laſtly 23) 1666 — 16,1666 == t the Time required, 


© | Queſtion 4. If 250 |. Tearh Rent, being forborn Seven Tank 1 
vill Amount to 2065 J. allowing 5. mple In ect for every Pm nt : 
41 becomes due; * vat m ft be Rate 0; * be per Cent. &c. | 0 


Here is given 1 2 230 AZ 2065. An! 5 = To find a F 
Per [heorem Ee | 


5 = T, 
Thus et = - 12250 15 g . | | 
— 1 — 1750, > ⁊tu 
tty — 10560 633=24— 2tu(c; 26 =R = 5 fr) 


Then 1 ö :: 100: 6 th. Rate required, 1 0 


0 


Conſequently PIR 7 7 = — — 


| Epurtion may be deduced the following. Theorems, © 
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| Sefton 3. The Pele 2 of Anmuities or Pas- : 


uns, &c. Computed at Simple intereſt. 


The Buſineſs of Purchaſi ing Annuities, or taking of Links , &c. 
ſor any aſſigned Time, de pends upon the True A junting of the 
Principal or "Money laid out on the PA cla/e, With the annuity. 

or Yearly Rene, by allowing (or Difc:mpting) the lame Rate 

of Intereſt to both Parties. Which may be eafily vertom d by 
- duly applying the reſpective Theorems of the Two Laſt Seions 

25 ther. As will fully appenr by the following Queſtion. 


Qu tion 1. Phat 147 75's Yearly Rent, to continue Nine Tears, 
wores nei) Moucy, at & = Cent. Per Annum np Inte- 
= ET 
. Per Thewem 1, of che Laſt S dien find what che propoſe SF 
Yearly Rent would Amount to, if it were forborn 9 Years at 


| 6 per Cent. | | 
Thus u = 75 1 "And K 0b „ee 4. is 
tu = = 6@73 . Ihen OY $450 (2700. | 
2 e : - 7” "ns, 


. Tu = 675, 5 
+ Then by T,\-o1em 2. Seien 1. find what Principal, being 


= to Interclt for the lame Tire, and at the lame Rate, wall 1 
Amount 2 2 4. 5 


Thus R. = 54 =9x0 4 7 i _— 300837 (243,5064<P | 


That is, 2 SS | 105 „124. Which: 1 che Worch of 75h. a - 


Year, as was req; Hired. 


From the Work of theſe Te Op: rations, 74: ly Conſder 3) 


i: muſt needs be Effie to Conceive, how che To Theorems by 


wa ch they were performd, may be Combined into One. 
2 :R — — 1 


For 1. . And 2. PtR KP 4. 


Ru —tR t | 
Yu... wu at And from this 


£ at — = =P.Oc RF 


By ths Theorems all Queſt 015 of he ſame kind with the Laſt 


es e 
rern * 8—— ALz-u. te a4 at. 1 


biz. that above) may be cally and way Anſw:red at one 


— cr atiun. 


„ * 


— 


Theozem 2. —, Or Ni 
* | 47 _ 25 e FT ny 


NA '* oi 1 2 


6 
T 022mm 2, 8 
e 
ts I 2 1x. Then will : * — 
e ; Ris 


Eben gives as Them 6 i . 2 + 


may be ca Aa: Joer d. 


* 7 Ku 
"Hh the Send and four rb T Theor en, Two rery Tal Queſt 


7 S 


N As for 175 flees: Tf it oF voquired to find what Ann: 119, er 
Yearly Rent, & c. may be PIC baſed, for an) pro peſed Sum, to C0 91 


tiuue any 2 gu 24 Ti Es allowing 4277 Rate of Inter . 
This Qcttion na; ee - Anſwered by Theorem 2. 


| *: An in 2 Tf it bs boy. zuive Wl to find How eng any Yearly Rent; 
Penſiam, or Az. & vn iy be purchaſed (or enjoy 45 for an, 


ro ed Sum, at any © 37 Rate of Intereſt. 


All Queſtions of rinskind a re ealily Anſwered per Theorem. 15 


In theſe Queſtions it it is ſuppoſed. char the Purchaſe or Yearly 
ö Nen 74 is to Comm: 2nc2 or be immediately enter'd upon. ut it 
r be required to find the Value or Purchaſe of any Annuity ar 


Yearly Rent, Cc. in Kererſion; - Thar is, when it is not to be 


Enter'd upon until aſter ſome Time, or Number of Tears are paſt; 
Then you muſt firſt tad what the Sum propos'd to be laid out 
n the Purcnaſe, would Amount to, if it were put to Intereſt, 
during the Time the Annuity, Je. is not to be in preſent Pol- 


: ſoſſion; - and make that Amount the Sum for the Purchaſe, pro- 


ceed ng with it as in either of the two laſt Queſtions, Cc. 


Note, Frem the Firſt Queſtion of this Section it will be eaſo th 
Conceive how to perform the Aquation of Payments, between Debtcr 
and Creditor, ati an) Rate of Intereſt, withour dung any Demag: 


20 either Party. 


Thar is, when ſey eral Sums of Mower are to be paid, at ſe⸗ 


velal different Times, to find the Iime when all the Payments 


may be truly diſcharged at once: As if one Sum were to be paid 


at the end of two Months, another at fix Months, and perbaps 


a Third Sum at eight Months End, Cc. And it were requit d 
to nad the Time when all thoſe Sums —1 be rely diſcharged 
ar one Pa ment without Los, Se. 


CHAP. 


EY ER tft nt tie e : "I" | 


N RE NIL e eee eee ee 1 M2 $466k ee 


. 


3 
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= Mo oy A p. XII. i 8 
Ot Compound Intereſt, and Annuities, &c. 


Compound Intereſt is ha which ariſes from any Pa incipal and 
irs Intereſt pur together, as the Intereſt ftill becomes Due; o 
that at every Payment, or at the Time when the Pe beexing 
Due, there 15 Created a N: w Princip ai; And for that . it's 
Called Intere/t upon. Intereſt, or Com ind Intereſt, 


As for Inſtance ; Supp noſe 1001. were Lent onr io Tus 5 
Vears, at 6 per Cent. per Annum, Compound Intercit : Then, 
ar che End of the Firſt Year, it will only Amount ta 166 J. As 
in dimple Intereſt. mw t for the Second Year this 106“ becomes. 
$ Principal, which wii! Amount to 1121, 7. 27d. at the Se- 
cond Year's End, whereas by Wart luterelt ic would bave 
Amounted to but 112 /. 
ad altho' it be nor lawful ro Le: out Money at Co mpound 
1 | Intereſt; yet in Purchaſing of Annuities r Pentions, Se. And 

} taking Leal s in Reverſio: 1, it is very uſual to allow Com pound 
lnatereſt ro the Purchaſer for his ready Money; and therefore 
u very requiſite to underitand | It, e . 


WIN 1 
W 


; WM - © Seftion 1. Of Compound Interef. 
7 EY = the Princip. il fut 40 Laeereſt. 


' = | 95 = tbe Time of its Continuance. 4 As before. 

e F Ltd A = te Amount of the Prins -1pa! and Intereſt. 5 5 
153 te Amount of 10. and its Interej# for 1 Fear: «ae: 

8 1 [$ R= an) Z given + Rate, wich may be to. us Jound. 

„Iz. 166: 104 2: 1: 1,06 — the Am wie of xl at 6 per Cnc | 

Or 1c: 107:5 1: 1, % = the Amount of 1 l. at 7 per Cent. 
ande 0 on for ar ny other ailigned Rate of Intereſt. | 

Yhew i K = the 5 unt of 1 5 for One Tear, at any Rite 

5 FEW N the Amount of 11. for :wo Lars: 8 

1 0 = rhe Amount of 1 J. for Tbree Tears, + 

K* = the Amount of 11. for Fur Te irg. | 1 

5 ; RS = the Amyunz of 11. for Five Tears, Here : 5 

1 2r 1: R.: R: M. R. RA :: NR: N Re: gd: &c. in => 

D SY 

'd * As one Pound: Is to the 3 of one 8 at 


d That is- one Year's End :: So 15 chat Amount: To the 
C Amount of one Pound at Io Year' s End, Tc. + 
b. | | | | ; Whence 


— 2 2 


— p "4 — — ——— —— — 


24. — . "Agha 5 part 11 fl 


" Whenee i it is i oo. that Compound N i$ grounded up up- 
on a Series of Terms, Increaſing, in Geometrical Proportion 
Continued ; wherein : (viz. the Number of Years) does al. 


ways aflign the Index of the laſt and * e vize the 
955 Power of N, W bich i is Re. 


| Again, As 1: Re:: P: . 4 the Amount of Pin 
the Time, that N = — the Amount of — 


given Time :: So is any propoſed P/ e * Sum): 
To its Amoun: for the ſame Time. 


As one Pound : Is to the Am of « one Pound for any 
That 5 


From the Premiſes, 1 (I preſume) the Reaſon of he follow 


ing Theorems, may be very ealily underſtood. 


Theorem 1. PRe=4A As abox e. 


| From hence the Two following Theorems are 040 ly deduced, 


Theorem mal fL = = P. | Theorem 3. 25 7 == . 


5 as Three Theorems, all Queltions about C 
Intereſt, may be truly Reſolved by the Pen only, viz. without 


Tables; Tho' nor fo reacily as by the help of thete Tables, 


Calcalated on purpoſe, as will appear farther on. 


| Queſtion i. What will 2561 - os; Sh 70 in Seven 


| 76a. at 6 per Cent. per A Compound Tate; eſt : 


Herz is givin P 236, t=7.ard R= 1,06 which 


being Involved until its Index = . EN 7.) will become 
| Then 1, 50363 „ 15e. 5 8+ 452 | 4 = 3351. 134.741 


which is the Anſwer required. 


Quneſtion 2. bat Princi 540 6 or Sis mY Ms mey - be pu: 
ex Leer) out to Raiſe a Stock of 3851. 135. 74 1. in Len ans 
47 6 per Cent. per Annum Compound Intereſt? 


Here i is given Ms 355 (811 K 1,6 <6 and = To find Þ 
by Theorem. | 
: Thus Re—1 50353) _ Mey = - A 316.3 = P 75 

That is, Þ = 2360. 10%. Wh. ch is tue e Principal or Sum a8 
was Wenn fired. | 


E Q eſti ion 


fo 


Il. 


at 
$, 


on 


PPP 
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Queſtion 3. In what Time will 2561 ; 10s. Raiſe + Stock : 


ef (or Amount to) 387“. 133 . 74% 4 en. 6 per Cent. per 


Annum Compound Intereſt : 3 


| Here is given P= 256.5 4838 11070 Ries To finde 


by the Third Theorem Re A n — 1,9363, 


27 7.7 


which being continually Divided by BR = 1,05 until nothing 
remain, the Number ot thole Divichns will be = =45=6 | 


bus 1,06) 1,0363 4852 And 1, 06) 1,6418 52 (19338225 : 


Again 3,06) 1,333225 (, 262477. And fo on until it be- 


come 1,06) 1,06 (1. which will be at the Seventh Divifion. | 


Therefore it will be: = 7 Ur Number of Years required by 
the Queſtion, _ | 

Queſtion 4. If 256! , , 105. wil 1 to (or Raiſe a 
Stock of ) 38 51. 134. 72d. in Seven Tears Time; What * 5 
the Rate of Iner:ſ be, per Cenr. per Annum. 


Here i 1s giren Son = 9 = = 385, 6311 and : = 7 Quere N. 


80 Theerom 3. = - Re = = = 1450363. As before i in the Laſt : 
„ 7 ” 
Queftion. And if Re = K ==4 150363 Then R =" MW 50363 
which may be thus Extracted. 
put 1 Ir Ee =R "Then - „ 
167 2117 ＋ 77f r = 150183 26 
ln, 3 7e E217 = 6 - * - 9 5 
; 7 4 41 AT zee SEE s 8 0 
| 755 
4 | =p Lar=s Then eig 
| Operation 1 = = too) © 0710 (0,06 = ; | 
1 + 2 18 708 5 : 
5 Diviſer COL (1) 0 be rejected, 
| "Fd: x == 1,00 5 
| 5 -Þ © = ©,c6J =1,c6=R 
Then 1:06 2,06 * ::100 : 6 The Rate per Cent. required. 


The Firſt There Quatiions may be much more caſily per- 


form'd by the following Table, which is only ide Amounts. of 
one Pound for 1 hiny Nine Years. 1 


Thar | 


n 5 a 2 
= A. 0 
N 9 - Pn — 


; — — —— — — 


35 b Aigebꝛa 5 Party, 
That is, of R RR « NX. N N and lo on t to: 0 K. 


— — 


n * 


The Amwants] = The Ee 

of IJ. at 6 per 8 of 1]. at 6 per 
| _ 8 

Cert. &c. Come| ;1 Cent. &c. Com- 


$4V2[ 
$4 


2 IT he Amounty 
of 1]. at 6 per 
ent. &c Cam! 


— — 
— — 
—— 
— — 


ö 


A Lenne ee e > . Intereſt — bound Intereſt 
1, % NR | 1 226993 39557 2 4429223459407 
5 2 1, 136 5 88 7% 15 2,3965581931 | 25 | l 

x * 3 1. 519101 ee 2 5 ; = 29 ST J 78 9 

> 14 77S TY 760 6 | 10 2,5493516547 20 ö hg 2 7 79 
| 4 1 1,26247696, |, 130i gt 1 32.þ $5743497 1729 
VVFTCVCVVVVVV Fs 
p 3.120997 -22211 1181-2 8542201529! «1 | 6.088too6a5 
— ————| 1125543391529! 31 | 6,988102643 
| 6 | 1,4185719*122| 19 | $,5255995021 | 32 6 4533 3860518} 

2 1,3636259 3,2071354 — 33] 6 84558988 80 
. o 12 38459745] £5 - 3 2 582 34 752510252 757 
E 9 3 659 947 89590 8 29 70 5 33 e 
11. — 3476963 556 $60035374:00| | nn —— 
Se] rn nr ne =; 23 3.8197 496616 36 | 8,14725999 

111, 529355855 24 4.489 34641337 Sie 50 
E243 2501219747 1325 4,2918 97192 38 | 9,: 542523478 
] * K 1 — ö 
WS — 20 Ne — 2 39 ee 487 790 

he Title of this Table hows its | Contirudtion, and is Ut 


e 

Win catily y appear by an rene, none or I's 0. 

Fm 1. What will a75l 10 . to in Nine Lan 
os at 6 per Cenr. per Annum, Sc. 5 


The Tabular Number againſt 9 Years is 1 6394; 7 | which 
being Mulriplied with the Principal 375,5 will produce 


- £34;3994 C. dig. 83 83 1 . being the Amount or 


Arnywer required. | 


Example 2. What Princi pal (er Sum) muſ? be put to Interef, 


70 ave a Stock of 634 » 5 in Ni ine Tears Time, 4 at 6 er 
Cen per Annum, Sc. | | | 


If rhe 1 propoſed Stock, e 62440 be Divided 15 the Tu 
bular Number that is againſt the given Number of Years, 
711. 9.) the Quotient will be the Principal (or Sum) requir d, 


Vi. 1 51 is 1,6894790 


Then £59479) 634,4 375.5 5 =375. Ios the Prin- 


5 cial (or Sur) as Was rec Juired. . 


| Example * In what Time will 1971 - 105. a; a gil e | 
dor Amount io) £341 . 85. at 6 per Cent, Sc. 


Divide 
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— — . 


_ Divide the propoſed Stock (viz. 634,4) by the given Princi- 
pal (viz. 37545) and the Quotient will ſhew the Tabular Num- 
ber that ſtands Over-againſt the Time ſoughr,, | 

Thus 375,5) 634.4 (1,639479 &c. this Number being 
ſought in the Table, will be found to ſtand againſt 9 Years, 
which 1 is the Time required. | 
But if the Quotient cannot be truly found in the Table of .- 
Amounts for Years, as above; Then take our of that Table 

the neareſt Number that is Leſs, and wake it a Diviſor, by 
| which you muſt Divide the firſt Quotient; And then leek - 
| the ſecond Quotient in the Table of Amounts for Days. (which 
| it inſerted a little further on) and i it will —__ the Number of © 
| _ AS] in this Example, | 


3 I * Time wall $631. Amount to « 8601, at 6 ber Cent, ker 
[+ Anau Compound Intereſt . | 


Ali 1 7 Years and 59 Diys 1 5 


in Thus 3630 $60 (1,52753 which ſhews the Time to be more 
as is above) Seven Years; For over againit 7 Years i is 1 rJOJED: : 
„ which being made the New Di wor s 
Ss /iz. 1,59363) 1,52753 (1,01589, Oc. this Nurber 18 the 
neareſt Amount 0 99 Days. Oo 
"| Note, If ebe Stock, Principal, ud Time be given ; ls hate 
„/ Intereſt will be beſt found by ans the __ Bc. As befor : 
ch in the Farb Queſtion, es : 


or "The nent thing that 1 ſhall hens 8 is to 3 this . 
| Table (which is only Calculated for the Rate of 6 per Cent. ) ; 
| Univerſally Uſeful for all Rates of Compound Intereſt, nh.ch, 


ft 1 may preſume to fay, is a New Improvement of my own, being 
er BY well ſatisfied it never was Publiſhed before; and nor only (6, 
8 bur I have heard ſeveral very good Artiſts afficn it was impoſ- 
hible to be done, | 3 
The Method of verferming it is briefly 9 Ta * - the | 
hy een, between 1, —R the Amount of 1/7. for one 


'd, Tear (in the Table) and any other propoled Amount of 1 . for | 
| one Year; which admits of Two Caſes. | 


. Caſe 1. If the propoſed Rare be Greater than 1,06 = K. 5 
gr 42 the true Amount of 1% for one Lear = 
of that Aa, 7 | on 


4 5 N 55 1 „ Ole 


8 per Cent. 


ST 3 Alge bꝛa. e "Part 1 : 
| Caſe, 2, "Bur if the propoſed Rate be leſs than 1 os = R, 


| _— it will be * Amount of 11. W - . 


N . 2g =. A; IS =+ "Ke: © 5 


Then will R- A tRbx + gRexx + mRixxx &. — 4 
Amount of 1/, at the given Rate, for any Time denoted b dy . 
G §˖ 

Ard Rt RR + gear — mBaxxx Kc. 5 = the Amoun 
of x7. in Cate z. 

Which is no more bur this, bis R＋ * Or R—x * (which 


ſoever it is) be Involved (as directed in & &. 5. Chap. 2.) tn 
the lame Power or Height as the Index : the given Time in 
the Queſtion denores : Rejecting all. the Powers o. x x aboye 


xxx Or xxxx at moſt, as uſeleſs. | 
Then Multiply that Power of K Or R — x into the 


given Principal, and their Product will be the Amount re. 
quired. An Example or Two in each Cale will render all 


Eaſie. | 8 
Example [. - Smppoſe it were died to Ged'w what 2561 2 


5 Amame to in OY Years, at 8. per Come: Landa * e 
Intereſt ? Here: = = 15. | 


Firſt 100: 108 :: * 8 the Amaont of 11. at fue Can 


5 Next 1,03 — 1,06= $a And RE i, 99 às in Caſe 1. 


Then R's + R' + RA 1. 455R "XxX &, = the 
5 Amun of 11. for 13 Years, at 8 per Cent. . "= 


| Here ; x = %, 4 xx == 0 „„ ; and Xxx. IC 3 : 
By the Table R'5 = 2,396558 


105 RU = 2, 1312928 105 co = o, 89583 
£453 * 2 e 455 * ee = = 0,007324. | 


9 ng K. = 2,260904 X 85 X f ̃ R= 
And < 


Sum = 34171736 


"Then: 3, 121736256 dd 


| Thar i is, Bll, 98, 35 Jos Which! is the ne as was tes 
q red. 


| IDE 2. What will 36 51. Amount to in 5. ven n, at 
feur and a haf per Cent, Sc. 0 
Firſt 100 1045 1 1: 1,945 the Amount of x, ar 42, 


Next 


Chap. 12. 
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Next — — 001 5 &. Contequently e 035 


| as in Cale 2. 


Thea & — 75 + 21 R'xx — 35R6xex &c. : = the. 
Amount of 1/. for 7 Years, at 4 per Cent. 1 


Here x =,015 . Xx =,000225 . and xxx = oc 000337 F 


By the Table N = + 1. 503630 


— RE =—0,149944 
| And) +2iR'xx =-þ0,006323 _ 
| | C338 xxx= do, eite 
* — -7R's 4 21R'xx - — 3 7 1,3608588 


Tben 1,3580868 x 365 = = 496,71632 = 4. 


Thar is 4961 . 147. 34d is the Anſwer required. 


It the R-aſon of theſe two Operations be but well 4 
it will be very eaſie to Conceive how to find p, the Principal, 


by having 4, t, and x given pag: nu its N are 
i 8 given by the Table.) 


RA. R's +gRxx = mR' xxx X Þ — =4A (a ore.) 


—— 


9 
KR Ferns Pax XX 2 Xxx 
Or 1 4, P, and : be given, x may be found, 


- kor Rf AHR TN ＋ mk 2 = = This Equation Z 


being Solved, (as in Chaps 19.) the Value of x will be found; 
and then either R+ x, Or 4 — * will ſw the Res of I. 


tereſt, &c. 


But 1 mall leave the Ninneriesl 8 to the | earnes's 
Practice, ſuppoſing enough done to ſhew how ail Centos of 


this kind that are limited by whole Years, may be O. Inputed. 


And if the Time given or {ought be nor lerminateu by wh 2a | 
5 8 but by Weeks, Months, Quarters Of Half Tears, &c. 
Reſolving ſuch Queſtions, the belt way will be to R-duce ole 8 5 
Parts of a Year into Days; that done, find an Aer accord- 
ing to the Demand of the Queſtion (and agrecing to 17, as be- 
fore) for thole Number of Days; and in order ro that, id will 
be requiſite to find the Amount of 11. for one Day, (as in my 
a N of Algebra, Page 110) which I Shall acre inlert. 


Put 4 == the Amount ſought, chen | it will be 


17-422 4: 468 2 44? 444: : 444: 4444 27 to 4. 


K - ___ 


269 ” > Arb 1 Part 1 i 


a one N : Is touts A un for one Dn 12% i, 1 


Thari 8. 0 that Amount: T- the Amount of Two Days :: And fo. 
„ that F Two Days: To ta: of Three _ 4nd as on 
in = to 355 Dus... | | | 


Then the Laſt of the Terms will be FLIES 10 


IE 3 Dk. And let 1 5 
1 365-374 e Fbeqzorrtw=a* = U r,os. 
2, in Num. 31 1 + 365e + 66430 e = 1,06 Ne 


3. — f 4\365e + 66430ee = 0,06 | 
4 — 66430 5 54 + ce dees gen = 0. 
C 
| 9 l 00 547 Fe : | 
; Operation _ o 5490) o, ,00002090 32 (,00016 = TY 
e 3 
1. Diviſar 0055 Y 35 32 Firſty=1 | 
2. 88 . | | 3390 Wy + e= o, o 


. +e= 1,0c016 1 


Neu r+ 1,00016 for a b Operation. Then 5 


2 in Numb. F1 1,06013401407 +386, 887 4 70402, Nee | 
IS 1,06 Hence it appears that r—e =a 
| | Therefore| 71 81 106013401407 — 386,887 Jog, 720 | 


. = 186 

3 +: 
| 9 = ET 10 98545 eee eee 
2 02002935503 
FFF 


5 Jo 2 "= Le = - 

2 | e | 8 
Operation 49554953) 380000 00019035503 (.c000003 e. 
— „0000003 3 ee ag th Ts 
5 * 8954550 e (,co0coowgdy : 

og | . 8 2 C 
<= # = IE DIY - Shah 
1 1— 9 = 1678336 228030 
| ; SHINE. - | 


| Which being bauer 1 ra a Tb dee. it will 
08 $21 008996535074 f1 A 


5 | | | ons Thi | 


9 386. 9876 — 70402, 172e9= o, cool 3401407 
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This Value of à is the Au of 11. for one Day, from 


will be the Intereſt of 1/. for one Day. Conlequently, if any 


ipective Product will be the Amount or Intereſt of that Principal 
for one Day, at 6 per Cent, &c. | | 


| may be ealily compured for any Number of Days Leſs than a 
Year; I have here inſerted the following Table, which with 


from the Laſt tound (1, 00 159653 587453) Amount of 11, for 


1/, tor M 


— — — — 


| 7 Amounts of il | 2 Amounts of 11.) © Amounts of 1L 7 
FFT 
1 0159653661, 04 59.879 5: 1,008 = 
2 0,00230933201 47.1 192043 960551 52 0833787134 
43 ODE 9037S 28 1 0044799457 © 53 |1,0084965597 | 
| 4; 1:22 -6357073 | 29 | 19946423175 | 54 [1,0086578699 | 
3 1.007935 22 301, 04300712055 150088187057 
9 20 9583039 31, 04951132055 1,89 9673 
7 1,0011 iS: 105 & + F 1,005 12 5776 57 1,009 410545 = 
8 „012779426 33 1,05 2820488 58 1,009 3021675 
190% 4 $002 | 34 1,00 5442545759 1009403 3062 
410 | 1,00: 5976834 a 35 1,00 560 3068209 N 1,9624 107 
e eee, ET 
E z9 | 1,003.70 39104 1 [1,0097556699 
412 10049175262 . | 1,0059241991 [92 | x,0099.3653-67 
[13 1,00297749559 38 | 1,0050547839 5 63 150101081184 
14 1,0022 37471: 39 1006245414664 10102693858 
| | by 1,002 3974820 45 1,0064 960553 65 1,1044067 59 
; 161 1,0025575 13g, | . 10105919978 


41 

13 500271 5803 42 150067274436 67 150107523424 
| 18 1,0028776677 [43 1,006 8881712168 150109147128 
19% 3037785344 1, 70489245 % 1, % 1% 610% 
0 10031979193 [45 0072997035 7241011237539 


— ——— 


1 1,03358850 4% 1,9073705082 | 71 „011398786 


241,0035182732 47 1,9075313335 172 | 1,0115604520 
: | 10117219515 | 


— 
=> — 


3 


”Y 150036784885 48 0076921945 


18 


which, if 1. be Su! ſtracted. the Rmainder =, 000159553537 KC. 


prop ſed Pr mcira: be Maultiplied into either of theſe, the te- 
And that the Amount (or Intereft) of any Principal ar "Et 


a great deal of Care (and I believe Exattneſs) is Calculated 


o e Day. Lo which allo is Annexed a Table of rhe Amounts of 


— . CS. . — 


: 24] 1,0039357294 | 49 1,0785 30762 1501188347644 
1 257,00 39989958 | 50 1, 0139335 £,0120450272 
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5 


| 
| 


Algebꝛa. 


Part Il, ( 


5 2 8 
"oC 1122066035 


90 I, 10144713569 


"þ Fs Fae 9146333511 
21,0147953408 


35 941.0151193 981 


[11 


2 Amouuts ot 14. 


77 1, 0123682062 
78 1,0125298 344 
79 1,0126914385 
80 1 5128531685 


117 


119 


7. 1 130148739 


- — 


82 10131766054 


ä 83 1 „01 33383627 
84 1701 35001458 


1,0136619547 


861,0 38 3795 
871, 0139856501 
8859141475365 
89 1.0143094488 


93] 1,0149573 565 


—— 


ww. i 12 tI 


12 


95 10152814653 1 


96 | 1,901544355959 


97 eee 


1041, 0167412375 
1 016903 5638 


110815, 017 
109 


| 111 


98] 1 „0157 67 8232 


1 016992 1910 


1 0162544133 | 
1501 6a 166624 


' 1,0165739370 


— — 8 


107 


1,0175513256 


11011771 55546 


114 | 1,018365668 


99 | 1,01592 99941 | 


1 0170659161 1 


50172282944 
3906985 | 


1,0178785665 | t 
| 112 1,0180405744 
; | 113 |[1,0138:031083 { 


143 WI 42 3 WI. 


8 


BEG —— La 


| S [Amounts ut il. 
— . | . 


Pg 


116 


1,0 186908655 
1181,0190 61667 
10191788563 
| 1,0:934 579 


1211 1,0195043134 
12 196670889 
10198298745 
2 15,0 % 99926934 

1 —20ʃ1555389 


120 


> + 


10204813084 


10208071815 


2 WT 


1021296 861 


10214592397 
1,02 16223193 
1 621785230 


2 |1 
|: „021 331585 


n to 


= — _—_—_— — 


Wow 
— — 
"0 < 
* "2D 
12 
— 
— 
— 
—1 | 
— 


— — — — 


— 
15 


{I 02 309 12081 
10232545483 


— 
2 
— 


1,0237447253 


— — — 


— 
— 
5 


1,0 245622089 
153 1,02472578 30 
154 s „0248893851 
155 11,025 039124 


3 


10188535031 


—— — — — 


886816718 | 


1,0644239 


,9209701 56g 


EIT 


I 3 | 
1 0229278949 T 


10234179146 
1523581 30609 
„0239081699 


1, 0240716405 
ez 


[1 10243986600 | 


| 1,0265546374 


1,027 825456 


191 


192 


193 
194 


A 275 05585 


1502 75396764 
| 1,028002 7746 


| 1.0234952262 
1 1,0286594291 
10288236583 


1,0293 65231 
1, 29490837: 


| 1 „030302 9012 
] : 20304673925 


E 1737645 


Amounts af 1 
i. 


| 


1,0252166658 


4 10253503453 


42255449509 | 
[,0257077827 
1,0255715406 


— — 


| 1,0260353247 


1,02 61991349} 
1,02636297.3! 


1.8672 268338 
1,0 6590722 


—ů— — —-— — 


1,0270 85784 


10273465389 


— — 


15027674646 


1,02 8668989 
1, 02833 C9 


— — — — 


1028987913 
1, ,0291521953 


1,02 96451975 
1,92298095841 


1 L ,0299739903 
1 149303384359 


83686319 206 


1,030961025! 
103112 56216 
1,031290244) 
1,0314543937 


19) 


2 03 1619569 - 


D 


— 
1 


— 


— 1 Wy © Yes T WRT 4 


NM 200-00 40 a0-2a0 44 


BB tt» 


TaAaD Lani as 


— 


17 


r , MR ARR de, A. 7d 
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ap. 12. 


263 


e ee 


y — N 


Rr 


= 


"of Compound Interen 
2 amounts of il. 2 [Amounts of 1“. & 2 of 11, 
„„ 1 Ke. | x &c. 
wt PHT IR pang bane: — — — — 
196 | 129317542709 2361, 383939484256 1,4549680 
197 L 0319459990. 237 I 0385597318 $75 | I 0452128133 | 
198 | 1,032115*534, 238 11,0387255415 278 | 1,9453796853 | 
[199 8322787341239 | 1,0388913778$ | 279 I,2455446584. 
200 10324433410 242 | 10399572405 | 280 1,0457135092 
201 1827755 2231298 2811, 458804611 
202 7735339 242 (1,0393 890454 28211, 460474397 
203 1,0329379198 | 243 1 10395549876 | 283 |1,0462144449 | 
20þ| 1 19331028321 244 : 1,9397209563 234 | 1,0463$14768 
205 149332677, 706 | 245 10398869515 285 194365484353 | 
| wy, 10334327355 | 246 1 15 1,0 40052 29732 286 1 150467156206 
207 | 132335977200 | 247 1, 402190214 287 | 1,0453827325 | 
208 þ 1 3 2481, 0403850961 281,04 2498711 5 
20 9339277883 249 1, 040551197 3 289 ee 721703631 
8 1954: 928586 259 | I,0407173 250 290 1473842283 
3 342579552 251 J 1,04. 1, 40883 34793 ö 291 1,0475514469 5 
212 1,0344239782 252 1, 0410496601 292 11247718693 3] 
215 | 1,03458822 3 253 | 1:04121 58674 293 1478859643 : 
| | 214 | 19547534933 | 254 1 1,0413$21012 2941, 0480532631 
421511 34918654 25511 ,9415483 616 1295 7 — 2205885 
[216 7555555875 2551417746485 256 15435879407 | 
217 | 1,03 52499357 | 257 | 1,0418809620 | 297 | 1,0435553196! 
218 150354143699 258 1,0420473021 | 298 1,043 722 7252 | 
1219 11,0355796775 | 259 | 1,04221366$7 | 299 | 1 04889915561 
fray I 1,0357452115 | 260 1,94238-0618 | 320 1394 „04905761660 
221 1035910371 9 -61|1, 142544815 301 1.04922 225-1026 
222 150360757587 | 262 | 1,0427129278 302 14 3926155 
"223 | 1,03562411719 | 263 | 1,04287940c7 | 303 | 1,2495601543 
[224 | 1,0364066116 ' 264 1,0430459 01 304 1,0497277204 
225 | 159365 729776, 2651, 0432 24261 593 „408975132 
226 1,03 36737571266 122 3789787) 300 11 ,2500629327 | 
| 227 | 1,0369030889 | 267 | 1,0435455579 [307 | 1,9592395790 
228 1,0570686342 | 268 1,043 7121637 | 380 10503982521 
229 12372882022 269 1,43887961 399 | 1,0505659519 | 
230 | 119373999941 | 270 | 1,0442454551 e e 
231 | 17564287 271110442 [21407 311 |1,059901432 
232 | 1,93 77310798 | 252 | 1,0443788529 | 312 „ Sh 
233] 1,9378967573 273 | 1,944 54559158 | 313 |1,0512370191 
34 | 1,9330624612 | 274| 1,0447i23572 | 314 | 1,05140485294 
235 1 0382 241916 — 1 2445 19149 93 315 |[1,0515727134 


Days 


; Algeb:a. 


* 


"Fan 


© [Amounts of 11, E Amounts of 1 © Amounts of 11 
|= Ke. | S &c. 5: | Sc. | | 
3160 7551758080 339 1556094165 562 1,059: 924636 
$07 1 0519025150 [346 340 | 1, 0557779484 + 1 phos 6i54 
1315S! 1,0520764559 , 1364.055830 7045 | 
Hap I el 341 757946571 2 1,06 5 1 
32 10524724083 (342 6.375% | 
— nen zee — — — 
[321] 52884227 45645234 ———— 
1322 1,052 7434880 [345 |1,05662101121 | . 
[323] 155584863 56 [10367997097 S jof or urg . 
1324 1,05 308466 50 346 1,0567897045 S | of 11. at 6 per 0 
432511 10532527937 [347 | 1,0569584248 | fen. ; 
| — 348 | 1,0571271729| F. For Norte il : 
| 5260 1,05342 59495 [249 |1,0572959594 j —— — ; 
i . 053589131735 | 1,0574647472| 1 r,0048675508 | 
L 328 1,053 75734 . 21, 0097587942 
1 329 1,0539255771 [351 1,057633 35753 | 3 | 1,014673846:| Wi | 
| 3391 1,0540938gol 385 1,95 78024303 | 4 4 HLNOLER E 
„ — 1353 579713122 5,2457584 
1 1331 1542621300 354 1,0581402211 — —— | 
i 3321, 10944304467 355 I 150583091570 6 18 | 
if 1333; 1,0545997903 | — 7 | 1,054574404! 
[| 334, 1,0547671608 356 | 1 1,0584781 199 $; 1,0396103076 
. 335| s 54935758259 5588.37] 9 4466; Wl 
5 ==] — 586588665 1% 497655 Ml ; 
0 3361,05 0398243591, 58 98573 — ———— 
ll 337] 1,0552724336 [360 | 1,0591 542411 11 7486 359+ 
[| 338 1 80 1,00 :93233339 n=. 
„ "The Ute of this Table is in i reſpets] like that of whed 
l Yoo in finding the Amount of any given Sum for any pto- 
| poſed Number of Days Leſs then a Year, [ 
Example bo Suppoſe it were required to find als 4 of 8 
ö e + 210 Days, at 6 per Cent. . f 
a 3 e The Amount of 11. for 210 Days is 1103409358 Oc. a Tab, f 
1 I) ben 1, 340928 x 375 = 38757 "ore Oc. = = 3871. . T5” 54 44. i 
= 7 which is the Amount required. | 8 
| And the reſt of the Variations may be elend jut ain 7 
= the Examples of whole Years, i 
: But if the Time given conſiſt of 8 and parts of a Tes, A 
. As Quarters, Months, Sc. Then Reduce the Odd Time of f. 
1 parts of the Year into Days; and the Anſwer may then be 
[ round at Two Operations 5 As in the following Ek „ 
1 is 


Exam. 


GN. ow. on v j> >. j» tH S*%- T7. ©. . 


1— 2 te 


Chap. 1 Of Compound Intereſt, &c. 265 
Example 2. Suppoſe it were required to find what. 263. won! ane 
Amount to in Five Tears and 135 Days, at 6 per Cem, =— 


Fit the Amount 1. rf 2 Days i is _ * 


Then 1125 X 1021785 x 1661. = 362,35 523 22 
being the Amount or Anſwer required. 


Or, if the Amount and Time are given, To find the princi⸗ 


pal ; Then Muitiply the Amount of 1. for the Tears, and the 
Amount of 10. for the odd Days together; And by their Produ# 
Divide the given Amount, the — will be the . re- 


| quired, 


Erample 3. What Principal will Raiſe 4 Stock if 36 ul. 74. 124; 
Or 367,3552321 in 3 Tears and 135 Days, ar 6 pet Cent. Ge, 


| $ Tears i is 1.338225 Se. 
The Amount of for? 835 ben is 121783 Se. 


Then 53382235 X 1, 021785 = = 367378 &c. the Diviſer. 
— 1,367378) 362,3552.32 = 4 (26597 the Principal 
requir | 5 

Again, if the principal and its Amonie are given, To find 
the Time, at 6 per Cent, &c. you muſt Divide the Amount by its 
Principal, and then proceed as in the Third —— Page 256 


for the 4nſwer required, 


Bur if the Amount and its Prineigal, with the Time of ite . 
being at Inter eſt are given, To find the Rate 7 Intereſt ; Thea 
proceed as in the Fourth Queſt ion Page 255 


Now in order to make this Table of 3 for Days; uſefut = 


for all Rates of Intereſt (as before in that for Years) you muſt firſt 
find the Simple Intereſt of 11, for one Day, both at the givea 
Rate, and alſo at s per Cent. And call their Difference x. _ 

Thus, Suppoſe the given Ratio were 8 per Cent. per. Annum. 


Firſt 100: 8 :: 1:0,08 And 100: 6:: 1: 0,06 the Two 


Simple Intereſts for one Year. | 
Then 365) 0,08 (,00021914 Cc. the Simpl inert of ul. 
for one Day at 8 per Cent, 5 
And 365) 0,06 (0,00016438 Ge. the Simple Intereſt of 115 
x one Day at 6 ger Cent, 5 | 
Their Oi ; wes 0,00005479 = — ics may 4 iodiffe⸗ | 
remly well for ordinary ſmall Queſtions ; Bur where Exactneſs 
a a wil be convenient ro make Ule of chis at” 4 
N V , 


26 Algebra. "es 
es che Sende Intereſt of 1. for one Day a at 6 per cen: 


Fits Icke Simple Intereſt of 17, for ne Day, at YR given 


Rare : To a Fourth Number. 


55 That is, o, O00 16438: 0,000 15965 :: o, O00 21917 : 0,00021286 
Then o, ooo: 1286 — 0, 00015963 = 0,00005 321 k. 


This æ being Involved with the reſpective Amounts for Days, 
in the ſame manner as was done with thoſe for Tears ( vide Fage 
238) the Reſult will be the Anſwer to the Queſtion. 


Section . Annuities or Penſions in 4rrear ; cu 


puted at Compound Intereſt. 


5 | When Annuities, &c. are ſaid to be in Arrear, ſee 8 201. 

5 And I ſhall here make uſe of the ſame Letters to repreſent the 
| ſame thing as before in that Page, fave only that R is here 
_ the Amount of 14. as in Sefton I. of this Chap. 


Suppoſe 2 = the Firſt Years * of any Annuity without 


Intereſt. 
= Then will Ra * 1 


ts Intereſt ; More the 2d Tears Rent. 
the Amount of the 1ſt and 2d Nar's 


8 And AR + Rs 2 5 125 —=_ A „ with their Þutcyeſt ; More 
the 3d Tears Rent, &c. 


ere . + Ru . u = 4 the Amount of any Yearly Rent 
or Annuity, being forborn Three Years, And from Heer ry 


g be deduced theſe Propor tions. 


Vix. u: Ru : © Ru: RR: Rh PR Pu 2nd {2 on in = for 
Ar. y Number of Tunes r Ye. rs Den: ed by F, wiercin the Laft 
Term will always be Rx T! 
Coniequently A—uR'>! — the Tom cf all te \ntecedents 
And 41 — 1 = the Sum of ail the Confequents in the Series. 


And therefore it would be n AR K 4-1 | 


Vide Page 138. 


Ergo Au — 14 R —— which bring þ Divided al tbr 


| 6%, wi become A n= A — 2 


_ From this Fn Equation it will be ealic e 50 \Raiſe PR. fallow; 


a. Sl he” 3 3 1 
mH = 4, mene 1 * 
r | = 9 Theorem 


Is to the Tabular Intereſt of 1/. for one Day :: So is 


the Amount of the F irft Trars Rent, and 


3232” 8 


rem 


Per Theorem 2. 


Chip 1. Of r 267 


„ 


4. — 


| Theozem 3. 1* = = = N. - It this Equation be con- 


tally Divided by R, until r no: 1 80 the N. amber of 
thoſe Diviſians will be t. 8 e P. 8 2 


1 15255 1 2. 22 15 this 3 be Reſols | 
ved into We accordin 8 0 the Method propoſed i in Seck. * 


Coup. 10, the Rove will thew the Va! us of R. 


Queſtion 1. If 30!. Narly Ront, or Annuity, &c. be forborn 
(viz. remain unpa:d) Nine Tea's ; I bat will it Amount te, at 6 
per Ceut. per Annum C. mpound Intereſt ? = 


Here is given u 30 Y And R = 1,06 To find ter” 


Lem . 
1 4 1 1,6894 79 By rhe Table o of Amounts for Years. 
„ 


N 2 50. 584370 
gs = 30, | 


R—1=0.06) 20 634570 © (344.7398 = * 344/s 149.9; 44 
the Amount required. 


Que ſtion 2. une Tearl Rene, or Annuity, Kc. "np far: 


2 lens aepeid Nine Tears, will : aiſe a Stack of 34% 1. 148. NS. 


=344+7395 at 6 per Cenr. KC. | 
Here is given 4 = 34 417395 - F<" +. nd 128. = 1,06 To find 1. 


N 34479 OY 2 1 
585 4A — — 34417395 


. 11 69455 — 1 =; 68 9479) 20 68437 (30. =n : 


Queſtion „ war Time wil! 39%, Tearly Rent, raiſe 42 


| Stock or Amount to 344/ « 145. 9:4. « al: t 6s per * ye the 


torbearance of the Payments. . 
* 


Here is given 2 = 30 4 = 344.7355 and * 100 
To find e. Per Theorem J 


irſt AR +u—4=365,42 387-F30—244,7 55 [= £5437 wy 


And u=30) 50,68437 (1,68 9479 =. 


R=1,06) 1 1,68 9479 (1,593843 And 1 cs) I eng (1,59363 
and ſo on until it become 1,06 1. (i which will be at 
the Ninth . - therefore f=00% S 


„„ 5 


IM - "agcbaa.” TE Parr It. 


Or R 1685479 being ſought in | the Table of Amount: 
for Tears, will be found to ſtand OOO 9 Tears, which 
is the Time required. 


| Nneſtion 4. If 3o!. per Annum, hw 4 þ Nine ears, 
will Amount to 344 14%. 95d, Allowing Compound Intereſt 


For eve by Payment as it becomes Due, 1 88 the Kate of In- 
tereſt be per Cent. Sc. 


Here is given u 30 A= 344.7 395 And 2 To find R 
Y by the Laſt of rhe Four Equation above, Viz, 1 : RN A—u 


Fun = 344, $99 =11491307 And 4 


== = 19,491317 
Hence there is this Equation 11 b 19,491317 


+" Let} e R And ſuppoſe 2e 

8 x: 2 er er „ 
1, in Numb 13 11.4 17,4917 
2, in Numb. | 1,000000 ＋ ' 9. ©00000e + 36e e = N 


3 x] eee + r 19,451 317 
448 2,4913176 Wa 
e 7e S 0,06 oe | 


tem 0 2,06 .lving it, and Ordering it, a 


the Equation above diretts. ow 

: Seck. 3. TH find e pꝛeſent Worth Ao Annuities, Penfins, 0 
5 = Leaſes, & c. at Compound Intereſt. A. 
Ler 333 preſent Toth ot any Annuity, or Leaſe, Kc, 


| Fe | 4 may * caſt y Try'd, b [n= 
Firſt 1 . rd 


and the Reſt of the Letters as before. 


I ben, from what has been ſaid in Section 3. Chop. 11. chem 
Purchaſing of Annuities, &c. at eg lat ereſt, it will be Eaſie 


0 Fm the like Theorems here az Compound Intereſt, viz: by 


| Combining Theorem 1. Page 26 s Tee 1. Page 254: 
| into one Thedrems. 5 | 


The — . any hah "I 1 Un: 
For EOS = 1 paid any Number of Tears, Per * 


1. of he Laſt ecken. = 


The 3 of any Proms: nal « or 4 bein 
And er- —— 2 put to Intereſt, far the ſame n. * Years 
5 Per Theorem 1. 0s 2 . 


© 5 | Hen ce 


Jau. Of Compound Intereſt, &. 269 | 
; Hence ic follows, That PR* = = Di px- ex- AR 


being the very ſame Æquation with * in my Compendium of 
Algebra Page 112, Which is there Raiſed from the Conſideration 
of Purchaſing Annuities, or Taking of Leaſes, Kc. to be ground 

| ed upon a Rank or Series 5 Geometrical Proportionali Continu- 


ally Decreaſing. Thus = is the Firſt and Sea Term; 


N 
N R the Common Ratio of all — Terms ; 4 and P is the ow: 
Aal the Series. 


K M. K M NN RN. LIL. * 
7 del the Laſt Term = T. Then will P— 7 c be the Sum of 


all the Anrecedents: And b —4 withe che Sum of all the 
e ö Therefore i it will de ; 


1 5 1 
I Fo Or (inthe lame Ratio) u : © N 3a Ad —& 


which produces PR - R —=PR'—y, As above. 
n= From this Equation may be Deduced theſe following Theorems, 


"i 3 = 7. | Theorem * — 
LE Which being Continually di- 
dc. 1. wen 3: a 12 — N 12 will give t. 5 
_ mea A — NTX Ri.. The Reſolving of n 
this Equation will diſcover the Value of R. 


54 © Queſtion I; Wat is "nat © Nearly Rent, to Comte 3 1 
— Tears, worth in ready Money, allowing 6 per Cent. re In- . 
„ rreſt to the Purthaſe er 7 1 


Here is given u= 30 881 . And R= was To find P. 
i | Per Theorem 1. vi. K = _— 3 
And. 39—129,9517 = — 10,433 = — 1 — Ll 


1 — 
= | Then 


2. Age 8. 0 80 Part ll 


—— — 


Then Roe 1 == Q 06) IO 0493 (167647 16=P=167], 07, J. 


being the Anſwer required. 


 Nnef:ion 2. Vt * or Tearly Rent, to „Gn Seven 
Tears, mo) be 5 aſd for 167. gs , 8 © lowing 6 [per Cem, 
Compound Intereſt to the Purcl aAſer 2 . : 


In this Queſtion there is given P = 167. 1 t =7 : 
And & = s To find . By the Second Theorem. 


Fiſt PRO%R=251 8153 % 7 v; os —=266, 9242 
And — PR = = 167,4716 x 1,50363= 12. 8153 


Then Er — I o, 50363 ) i (39 — | 
That | is 7 => 305 the Anſwer require ed. 


e 3 3. How Long may One 1 4 * 4 3ol. Nr 


Rent, for 1671. 75 . 5d. OE 6 * Cent. gas hte» 
reſt 0 the Pu, 0 aſer ? ENS 9 | 


Here is given P=x 167. 4716 . "n= 3e. And K=2 wee To 
find t. By the Third Theorem. 


iirſt P A147. 4716 P30 2197 47 16 
| Aud — FR 77 5199. 
Then 199515) 3 (1,5636325. 


If chis 1.50363 = = N be either Conrinually Divided by 
"3,06 = aun] nothing F.main (As before in Page 255.) Or 


it it be lought in the Table of Amounts for Tears, | 8 it Will 


: difcor er 4 = 7 which 1 is the true ae required. 


e Suppeſe One ſpould give FIR 99 4 far 
| 3 Purchaſe of a Peuſion, or Annuity cf 3ol. Per Annum, 10 Con- 

tinue Seven Tears ; At what Rate of Intereſt, per Cent. would that 
Purchaſe be made, allowing Compound Intereſt to the Purchaſer ? 


In thi: Queſtion there is given, P ien. 1830 And 121 
Io ind K. Per Theorem 4. „ 

ju = A Ni 
: The 4th Thew em is this Equation F = R e- A* 
Which being brought i into Num bers, and its Rear Exirgcted, as 
in the th Qeſtion of the Laſt Section; the Value of a 
be found 06. viz. R=1.06, 


And then 1 ic Will 1: GAG. 7 £2 100 6 the Rue per Cent: 
as was required. 


wg 12 "Of Compound Interet; © &c. 271 


Thele Four Qurſtions include all the Varieties that can be pro- 
{ed about Purchaſing Annui' ies or Leaſes, &c. which are th be 
either immediately Enter d upon, or in Poſleſiion at the Time 


| when the Purchaſe is made. 


But ſuch Queſtions as relate to e or a Taking of 


Leaſes, &c. in keverſion, muſt be parted or Divided into Tu 


diſtintt Qurſtions, each to be leparate]y Contider'd by it {elf 
{See Page 252. ) As in the following Examples. 


Example 1. Suppoſe it were required to Compute the FT IRR 
Mich of 751. Tearly Rent, whieß is not to Commence or be Enter'd 
upon, un ti! Ten Tears hence ; and then to Continue Seven Tears 
after that Time : at 6 per Cent. Oc. C ompeund Intereſt, 


The Firſt Work in this Queſtion, is to find what 75ʃ. per 1 
num, to Continue Seven Years, is Worth in ready Money; as if 


it were to be immediately enter d upon: Ard to pertorm that, 
there '* Kir en, a=75 R= f, o6 And eg 7. Io find P. As 


in che L elt SO of wn Se Aion, 


er - 496792 And 75 49,9793 =2 25,1307 3 


Then, 2—1==0,08) 25,1207 = 41h, 6783 = 418“. 147. 67. | 
the 5n/wer to tne Firſt Part of the Queſtzo. 

Then the next Work will be, to find what Principal or Sum 
bein, pu our Ten Tears, at 6 per Cent, &c. Will Amount o 
48“. i35 . 614, Here is given 4 = 418,6783 K = : 1,06 ; 


And : = 10, "Fo find P. Per Theorem 2. Page 234. . 


Thus £*2== x, 799847} 418, 67 13 3=4(233,7394=233/. 158. 3d: 
the preſens Forth of" THe = Arinum in us lon, . as was 
equi: ed. | 1 . 


8 2. Nhat Spain ty or Hoh Rene to 5 Entered upon 
Ten Tear: hence, and then to centinue $:ven Vears, may be pur- 


chaſed fer 2331. 15s . 70. * e at © 2 Cent. Oe. 


| Compound. Inzereſe 2 


In the iſt Work of this QuePt 3 15 given, 7223 45845 
= 1.06. And : = 10 (the Time which the Annuity is not to 


be E Enter' 4 upon) To find A4. Fer Tleorem Ts: Page 254. 


Thus, PR = 2137884 K 1790847 413, 7783 = 4 the 
85 . 6 | Amcuunt 


; 7 — "Aigebaa. ; ” Pare 


— of = 15s. 9d. put to Tatereſt Ten Years, at 6 6 
per Cent. &c. Then for the Second Work of the Queſtion 
there is given P = 418,783. R= „%s. And e=79 
(:he Time that the Annuity is to be OP 40 To find 1. ker 
Theorem 2, of this Section. =; 


. Thus PRxR=418 678721, 90 70 06 Ge, 30 
. 2 6783X1,50363D=629,5372 | 1 


Rr 1 eie 37 2 
7 That i is, 22. =2 = 751. the Tearl Rent required by the Queſtion, Se 


© Theſe Two Examples of finding P and 1 do fully ſhew the 
1 Method that muſt be uſed in Reſolving the Two General, and 
indeed, the moſt Uleful Queſtions about Annuities, or Leaſes 


oO Reverſi on: And if there be Occaſion, either the Rate, or the 


Time, viz. R or t, may be — * 2 due AER of 
their * Tbecremm. | 


Note, That whack 11 5 Sie in he Tas: Laſt Seftion 
about Annuities or Tearly Rents, &c. at 6 per Cent. may alſo be 

dune for any Rate of Intereſt, by applying the Difference of the 
. _ (viz. * As directed i in the Firſt Section of ebis Chapter, 


85 | 1 EPS that Rent. 4 FR Ab &c. are uſually paid 

| exher by Quarterly, or by Half Tearly Payments, and the Me- 
thod of Computing them by the Pen, may be thought a little 
Troubleſome; I have inſerted the following Tables of oe 
| amounts of I * for Each, at 6 enn - 


— — 


33 = IL : E 3 Il. 


——_—_— 


— 


6 
— 


* 


| 5 Ananiticeof T7 | = 
us gat 6 per Cent. = fat 6 per Cent. 1812 6 per Cen. 
>< \&c. Compeond 155 &c. Compennd! FC: Compound 1 
8 Intereſt. * & [Intereſt. | 5 Intereſt, 5 
1 170295630141 1 1,3777875592 21 1343759575500 
2 1,06 | | I2 14185191122 22 [1 1,893298558 3 
315091336749 13 1,4604548127 [23 74477955 
4 1,1236 141, 5036302 590 424 | 2,012196471 
3 1,1568 1 70026 157548062101) [25 2 2,0716830644| 
6 |1 191016 8 16 I, 5938480745 26 2,1329282601 
7 |1,2262260228 | 17 1,6409670276 oa 21959840483 | 
8 [1,26247696 18 1,6894789589 [28 2,2609039557| 
9 | 1,2997995842 | 19 |1,7394250493 29 | 2,32 77439912 | 
2 1143382255776! 20 [1,7908476965 [30 | 2 | 


f 


Chap. 12. "Of Compound Inter, I 23 
| | Quarterly Amounts. 
7 Amounts of 5. e Amouats of 1. 25 e Ul, 
2 at 6 per Cent. Iq ar 6 per Cent. % = jat 6 per Cent.] | 
47 | Nc. Compound 8 Sec. Ce mpound 43 & c. Compound 
2 [ntereſt. > — inrereſt. ma. 2 Liereſt. 5 
| 7} radadrinann 21 T 3578524538 41 [i $171263199 
2 | 1,0295630ta1 | 22 |1,3777875592 42 |1,8437905523| 
i 3 1,0446706634. 23 1, 39800 500 19 43 1,8784605 
7 d 4 | 1,06 224 1,4185191122 44 |r,8982985583| 
| {5 |ric7555anrcs 25 |: 1,4393352435/45 | 1,9261 538989] 
e 16 50913367949 26 758664748127 461.9544798 53 
i | 7 | 1,1073509032 2 e eee eee 1,9820968 140 
n 81236 28 1,5036 30259048 2721964718 0 
. — 394 „7400875335 29 1525694297849 [2,041733133ol 
i 10 a arr — 30 eee: 8 3,0716330644] 
: 11 |1,1737919574 | 31 Tl 1,53707984203 51 2,1020826228 N 
5 12 1,1961016 | 32 1538480745 52 2, 13292826011 
1 113 j 1,2084927856 33 [1,6172359557153 [216422652111 
e 14. 1, 2262260228 34 [1,64096 7027654 2,19598404830 : 
be | 5 2442194748 23 [1 5556046325357 2,32282075801 E | 
116 [1, 26247696 36 F 6689478958956 22609039557 3 
id 117 1281002352737 17142701133 57 2.29408011231 
e- 18 1.2997995842 38 17394250493 58 2,32774309124 
le 119 l 13188726433 39 1.764949 1048059 2, 36190003494 
he 120 | 1,3382255776 4 179846955 8 2.396781 
8 Either of thele Tables mey alſo be wade L ſefulfor any pro- 
— poſed Rate of Intereſt ; by making the or 4 z of the Differencs 
1 "of the Rate = x, Me. EE, 
1. As for lnſtance, Sappete any of the TE id Queſtions abour - 
dh Anmuit ies c or , — were 10 be cOmpuied:s at 8 - Cent, per, 
| BB Amun. : 
3 Then 1 . o,o & for Yearly Proments; as before 
3 N 2) 0,02 185 o1 = x. for Half Tearly P ments, 
3 r 4) %,, oo r — x for Quarter 'y Põments. 
Now thele Values of x, although they are not really true, 
44| yer they may ſerve indifferently well for mall Rents ; as l have 
51 already ſaid, page 265. But if you would work exactly, 
N en 1,08 = 1,9392404845 &. 
57 | —\x/ 1,06 = 1,0295680 14 vide Table Page 272. 
| Difference = $,9956674704 = K* for 2 Tear Ea | 


Lo 


— . - 
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And xo 1 1,0194263c92 &c. 
"0s 3 Fe See the Loſt Tabe. 


Their Difference ©,0247524631 x. for Quarter/y 5 

Theſe are the true Values of x, which being Involved with 
their reſpective Amount: (as before for Tears, &c.) according as 
the Queſtion requires, the R-ſult will be the Anſwer at 8 per Cent. 
&c. Lhe like may be done for any other Rate, either Greater 
or Le/s than 6. Which being a little Conſidered of, will be 
found very eaſie in Practice. 

Thus far concerning ſuch Annuities or Leaſes, ge. that are 

Limited by any Aſſigned Time; and tis only ſuch that can be 

compu ed by Th:crems or certain Rules. However it may not 

' perhaps be Unacceptable, to inſert a brief Account of ſome Efti. 
mates that have been Reaſonably made, by Two very Ingenious 
' Perſens, about the Proportion, or Difference of Mens Lives, ac. 

_ cording to their ſeveral Ages; which may be of good Ule in 

computing the Values. of Annuities, or raking of Leaſes tor 

Liv., KC. 

Sir William Petty in bis Diſcourſe made before the R. 540 95 
| elet⸗ (Anno 1674) c concerning the Ute of Daplicate zopoꝛtion, 
in the Life of Man and its Dyraticn ; faith, I hat its found by 

Experience there are more Perſons Livi irg of berween 16 ard 
26 Tears Old, than of any other Age or Decade of Years in the 
Whole Life of Man (viz. 70 or 80 Tears). His Reaſon for that 
Aſſertion I ſhall omit ; bur ſuppoſing it true, he thence infers, 
That the Rooes of ey ery Number of Mens Ages under 16 (whole 
Rot is 4) compared with the ſaid Number 4, doth ſhew the 
 P:opirtion of the Likely hood of ſuch Mens reaching the Age of 


10 Years. 


As for Examp's, Tis 4 Times more - Kkely, that One of 16 
Years Old ſhould live to 70, than a New-born Babe: 'Tis 3 
Times more likely, that One of 9 Nears Old ſhould atrain the 
£1 age of 70, than the faid Infant, &. © | 
On the other hand, Tis 5 to 4, chat One of 25 ears Old 


will Die before One of 16: And 8 to 5, that One of 36 


will Die before One of 25. And ſo on according to the Mots of 

any other declining Age, ccmpared with (4,6) the Root of 21, 

 whichis the Par of Pe: fection according to the Senſe of our Lam 
| 0 the age for whole Life a Leaſe | 18 moſt Valuable. 1 


. 8. The . _ Great Mathematician, Caprain Edmund | 
Halley, (In Phileſoph. Tranſa#. Num. 1 96) doth with great In- 
* and Sk, Gra an Eſtimaze e of the Prepare of Fro 

L Iv 
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lues, trom the Mont/;ly Tables of the Births and Funeral in 
Bre/11w, the Capital City of the Province of Si 12; Or, as the 


Germans Call it, Schleſia, Whence he proves, that its 80 to 1 
ie i Perion of 25 Lars O.d will not Die in a Ta.: Thar tis 540g, 


th hat a Man of 40 will Live 5 Tears: That a Man of 30 Tears © 
25 Oi may reaſonably expect 10 Live 27 or 28 Wears, &c. 

ut. Nou from theſe and the like Proportions (he juſtly infers that) 
ter the Price of L urance upon Lives dug to be Regulated, there 
be being a great Difference between the Life of a Man of 20, and 
1 One of 50. For Ex imple, Tis ico to 1, that af a Man of 20 
re Dies not in a Yrar, and bur 38 to 1, for a Man of 50 Yearsof 
be Age. And upon thele allo depends the Valuation of Annuitzes for 
jor Lives: For it is plain, that the Purchaſer ought to pay only ſuch 
Zr. a Parr of the Laue of any Annuity, as he hath Chances that he 
us n Living: F555 8 
IC- And for that Purpoſe he hath taken the Pains (which was not 
in a little) to compute the following Table, that ſhews the Value of 
or MF 4nraitics) for every Fifth Year of Age to the 70th. | 
* WW | ire [Tiers Prrereſe} ige Te Purchaſe) 4ze Tas Purchaſe. 
TTTETTETTTCTTTTTT 
nd 5 13,43 3 30 Th 11,72 : | 55 D 8,51 1 


i 13.46. , eee ee eee 
1333 [40 wor [651] 654 


7, 4% 33.78. 1 45*:- 9.96. [7@ 4 $.33-Þ 
go I be ſame Ingenious Gentleman proceeds on, and ſhews how 

1 to Eſtimate or find the Value of Two Lives, and then of Three 
16 Lives, which being too long a Diſcourſe to be recired here, * | 
; 3 have, for Brevities fake, omitted it; and ſhall only add this 

he ſerious Ob ſerv ation „ 


Vi. How unjuſtly we Repine at the Shortneſs of our Lives, 
and think our lelves wrong d it we arrain not to Old Age; 
whereas it appears, that the One Half of thoſe that are Bon, 


l Die in Seventeen Years time. For by the aforelaid Bills of 
2% | Mortality ar Brelaw, it was found, that 1238 were in that 
amy Time reduc'd ro 616. So that inſtead of murmuring at what 


we call a ſhort Life, we ought to account it as a great Bleiling 
1985 that we have Survived, perhaps by many Years, that Period of 
ud Life whereat the one Half of the whole Race of Mankind does 
Ins not Arrive, %%%%%ͤ;;ð „ 


1 0 


— 


- mm 


„ 8 Toba. Püart ll. 


Self 4 of Purchaſng Free-hold Or Neal Eſtates; 1 


at Compound Intereſt, 


All Free. bed. or Real , are ſuppoſed to be purchaſed or 


 Borghr ro continue for Ever (vz. without any limited Time); 


Therefore the Buſineſs of computing the true Value of ſuch 


Eures, is grounded upon a Raxk or Series of Geometrical Pro- 


porti mali continually Decreaſing ad Infinitum. 


Thus, Let P, u, R Denote the ſame Dera as in the 


1 Section. Then the Series will be, = + M © FF $25 * 


and ſo on in 22 until the Laſt Term So. Then will P—0 


(viz. P) be the Sum of all the — And 1 * 
will be Bo Sum of all the Cnſequents ; Therefore it will 


be, 1: K* P. -A which produces PR—u= 7 


This Equation affords theſe following Theorems. — | 


—— 


Theorem . ERP. | Theorem 2. | Mt. 8 


Bab 5 uppoſe a Feed 011 b ate of 7 * Yearly Rent nos” 
- to be Suid; what 1s it w. reh, al wing: the Aer 6 . Cent. Se, 4 


£ Compound Intersft for lis Money? 


- a hes Queſtion there is given 4 =75 . 3 To bad b. : 
Per Theorem 2. Thus R— 1 6s) 15 =s (1350h =Þ.- 
the Anſwer required. Ando for any of the reſt as Occaſion te. 
quires. Bur if the Rent is to be paid, either by * ws 


Half Yearly Payment:; 
"Then A es far BoTewh 


And  R=\ :\/ 1,06 for wh). Payment a 6 porn 


| R= 1,08 for early 


R Nos for Half: Tear ere, at 8 70 Cent, : 


Lay: 766 for Quarterly I 


| Thelike is to be underſtood for any other propoſed Rate of i 


| Intereſt either Greater, Or Leſs than 6 per Cent. 


The Application of thele Theorems to Practice, is ſo wy 


: Lake, that it's $ needleſs. to inſert More Examples, 


C3 
bs 9. 4 - , a : 80 22 


—CQ_ 


INTRODUCTION 


10 THE 


Mathematicks 


PART III. 


CHAP. 5 


ot Seometrical Definitions, c. 
Self r. Of Lines and Angles. 


Point hath no Parts : That is, a Geometrical Point i HEE 
not any Quantzty, but only an aſſignable Place i in any 

| 4 | Quantiry denored by a Point ; 4 8 B. REES 

a> „„ a4 ad Þ T 5 

7 Such. a Place may be conceived ſo inflattey Small, as to be void 


of Length, Breadth and Thickneſs ; And therefore a Point * 
be {aid to have no Parts, 


. 2. A Line is called a Quantit v of one Dimenſion,  beranſs | "Yo 
way have any ſuppoſed Length, but no Breadth nor Thickneſs, 
being made, or repreſenced | to the Bye, by the Motion of a 
mn. | 

Thar: is, If the Point at 4 be Moved "Gage = bo ſame 

Plain) to the Point at B, it will deſcribe a Link either Right, 
or Circular, (viz. Crooked) according to its Motion, 

| Therefore the Ends or Limits ot a Line are Points. 


3. A Right K ine, is that Line which lyeth Even or Sereig! 17 
betwirt thole Poinei that Limit its Length, yy the ſhorteſt Line 
that can be drawn berween any Two 2 4— 5 -B | 
fun. os the Line 4 B. 


Therefore between any . Two Points, chere can tie, « or be daun : 
= 07 Nb Line. 5 | | 


£ 


—_ _— — — a — — — N 
* OT OT CPR Ms hs — ES ; — 


. "Elements of © ©rometry.” Part i 


5 bending between thoſe Point: which 
Limit its Length, as the Lines CD, 
or FG, &c. 


Parabola, E lipſis, and Hyper bola are 


(if they are Extended) meet, and 


Lines ſtand, nearer or furt her off 
each other, the Angle is ſaid to be 32 
En Leſſer or Greater, whether the Line: 
that include the Angle be Long or | . ET 
Short. Thar is, the Lines 4d, 1 


4. A nb. Cro0 ved Ol Dtity.c Line, is chat which Lie, Lies 


| Of theſe hind of Lines there are Cc 
warious Sorts ; but thoſe of the Circle, 


0 


of moſt general Uſe in Geometry; of wich a  parcicular kaun 
Fun be given further an. | 


5. Parallel Lines, as thoſe fn 4 3 


; fs 3 Diſt ant from one another e 

in all their Parts, viz. ſuch Lines as 2 —5 

being Inſinitely extended (upm the _—— © 

ſame Plain) will never meet ; As the 85 „„ Ni 

Lines AB and 4 b, or C and 6d. . 1 4 

| th Lines nor Parallel, by Bens bert Leaning) nee 
„„ cowards another, whether they _ . 


Right Lines, or Circular Lines, will 45 = 


make an Angle; the Point where 
they meet is called the Angular Point, 
As at A. And according as ſuch 


And A include the ſame Augle as 4B, _ 4c doth; not 


- N that ABis Longer than Ad, &c. 1 


7. All * Ingles b 1 Rebe Thins are . 
Rig Lg lin d Anples ; and thoſe included between Circular Line, 
are called Spherical Angles, But all Angles, whether Right lind 


5 or tang fall under one of thele Three Denomination, J 


An Obcuſe Angle. 


raft ight Angle. 
An Acute Angle. 


8. A Bight Angle is tha which is included berwixt Too | 
| Line and meet one another Perpendicular, 1 


-— on 


ant 


CB. 
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—Thart is, When a Right. line 5 
26 DC, meets with another _ 
Right-line as AB, ſo directly 

25 that it neither Inc/ines nor De- 


"lines to one Side more than ide 0 | 
bother, but makes the Angles on i 
both Sides of it equal, as at xk, xz; 4 I 
FE Ys at ml ane ems ”77uehie nn 1g 


Right Angles ; and the Lines fo 


meeting are laid to be Perpendicular ro each ater: 8 | 
That is, 4 C and CB are Perpendicular to DC, as well as 
D c is to either or both of them. ; 


9. an Obtule angle is chat which is Greater than a a 


Ang. 2. Such is the Angle i nclu· 


ded between the Lines 4 c and 


10. An Fcate Angie i is that 4A- 
which is Leſs than a Right Angle; 


As the Angle included between the Lies c eB and c c D. 


Thee 7 Two Augie are = called — ** 
Seck. 5 of a Circle, &c. - 


 B-for a Circle and its Parts are Defined, it will be conveniens 


to give a Brief Account of e, in n. 


1. A Superfictcs or Surface is the upper or very - th file : 
of any viſible Thing, But by Superficies in Geometry, is meant 


only ſo much of r! Out fide of any Thing as is Incloſed within 


a Line or Lines, according to the Form or Figure of the Thing 
deſgned; And it is produced or frmed by the Motion of a Line, 
as2 Line is deſcribed by the Motion of 2 Paine ; thus: _— 


the Line 4 B were equally Mo- 
ved(upon th- ſame Plain) to CD; FE 
Then „ill the Points at & and 3 8 
deſcribe the Two Lines AC and | 
BD; and by lo doing they will = 
form (and incloſe) che „e Or e 4 B SY be: f 
Ing a Quantity of Tvo D. menſions, Viz. it bath Length and 


| 81cadrb, but not Th: ;ckneſs, Conſequenth the Jones or Limits 


of 4 duperficies are Lines. | — i 
Note, 


— —— 
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Note, The Superficies of any Figure 15 uſually calle 4 15 m 


28. A Circle is a Plain Regular Figure, whoſe Area is bound 
or /imited by one continued Line, called the Circumferen 
or Periphery of the Circle, which may be thus deſcribed q 
S_ )) nl ij Oe | 
_ Suppoſe a Right Line, as C B, to have one of it's x, 
„ . any... 
Plain, as that the other Point at B may 
Move about it; Then if the Point at 7 
be Moved Round about, (upon the ſameſ , 
Plain) it will deſcribe a Line equally Di- Cc 
ſtant in all it's Parts from the Point C. 
which will be the Circumference or Peri- 
- phery of that Circle; the Point C will be 


oo GG ] . ar ts: 


it's Centex, and the contained Space will be it's Area, and th 
Rebe Line C B, by which the Circle 45 thus deſcribed, is * 


„„ . ĩͤ 
From hence 'tis Evident, That an infinite Number of Right Lim 
may be drawn from the Center of any Circle to touch it's Periphey, 
| which will be all equal to one another, becauſe they are all Radiui 
And with à little Conſideration it will be eaſie to conceive thu 
no more than Two equal Right Lines can be drawn f om an) Pun 

with a Circle to touch it's Periphery, but from the Center nj, 
- (9c. 3) %% 
3. ©qual Circles are thoſe which have equal Radius; for 
it's plain by the laſt Definition, that one and the ſame Radu] 
(as CB) muſt needs deſcribe equal Circles, how many loever 


CE EE EIT ny GEE 


they ate. 


4. The Diameter of a Circle, is 
Twice it's Radius join d into one Right 
Line, as AB drawn through the 
Center C, and ending at the Periphe= 
77 on each Side. Thar is, the Diame- _ 
ter divides the Circle into Two equal 


+: Yo & Semicircle (viz. Half a Circle) is a Figure includ v 
berween the Diameter, and Half the Periphery cut off by de *! 
Diameter ; As VVV F it 


we ; N 


TIF 7. Of Definitions, & 28 
4 Au dꝛant is H a Semici cle, VIZ, one © ee, of a 
Circle; and it's made by a Radius 
WH (a5DC) Panding Perpendicular up- 
oa the Diameter at the Center C, 
curting the Peri pherꝝ of the Semicircle 
in the middle, as ar DO. Therefore 4 
Quadrant, or half the Semicircle is ho AF 
nos of a right Ag. 5 | 


7. A Choz? Line, ” the Subrenſe 
+1 an A ch, is any R'ght Line that cuts 


the Ci-cl- into To — Parts, as 'the Line $6; 204 is al. 
82 Leſs than the Diameter, 


8. A Segment of a Circle, is a Figure included 8 the | 
Chord and that Arch of the Periphery which is cut off by the 
Chord: And it may either <a or Las 2 a nee; 5 
As the Figure SMG, « .$DC.. TEE 


3 A Sertoz i is a Figure ziele berween Two Red of the” 1 
| Circle, and that Ach of its Periphery 

where they touch, as the Figure AC B, ; 
And the Arch AB is the Meaſure 7 
the Angie a Lag cans F the 4 
na 4c and BC. os 


: D 
| Note. 4 1 4 len of Sl are called 
j angles at the Center of 4 circle. N 


; fo 10. An Angle in the Segment of 2 | Circle W which * 
iu WE included between Two Chords that flow from one and the ame 


ever Paint in the Periphery, as at D, and mee: -_ ** Ends of 
another Chord Line, as at F and G. : 


That is, the Angles at D, at F. and at 6, are colin. 
Angles ar the e or Angle [ending *. 8 gm 4 


a Circle. 8 . 
Seck. * of Triangles.” * 1 mY 


| Ther are two duds of Triangles, vizt- Plaiy and S derteel; . 
but I ſhall not give any Definition of the e * 7⁰ 5 
mare immediately relate to Aftronomy. © | 


nA Plain Triangle is 4 Figure whaſe ns is . 
within the Limits of three Right Lines called 8 des, inciuding 
three Angles © And it may be Divided, and. takes | is Name ei-: 
ther according to its 8 Side or Angles, 


Os 5 | By 
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I. . By i its Sides. ä 


2. An edub'atexal Triangle i is that 

which hath all ir O Thre? Sides * as 
the Figure ABC. : 
Thar 1s, 4 B = = dc, 4c. 


: * ; ; 
[ 1 * * * * 
5 [4 
- . 7 Y 5 4 2 


N 1 Iboceles l is ; thar which. 
| hath only Two of its Sides equal, as the Figure 
BDG. Thar is, 30 = DG; but the T, ird 

Sie BG may be either Greater | or 1 as 
e . . ö 


A S:11enons Triangle 

„„ 4. which hath all us Three 

Side, unequal; ſuch as the mow 8 
= BO 1 5 


8 3 
E _ 
. 


—M By i its Any leg. c 
A Rights angled Angle, k 
3 en hath one Right Angles 
That is, when Two cf its Sides are 
Perpendicular to each other. A 

is ſuppoſed to be 2 % — — 

tzbe Angle at 4, is a N Angie, * Do nn A 

Per Defi.8. Sea. 1. 8 

Nate, The Lg Side of every Neben led Triangle (as) 

3 called Hypotenuſe, and the Longeſt of the other Two Sides which 

include eh Right ( BA) is called Baſe, The Third Side (« 
c4H it called deute Perpendicular td 


' 6. kn Odeon Dink l e which bard s of is 
Angles Obtuſe, and its called an Ambygenium Triengle. _- 
bs the. Third Triangle NK M. * 


JI. Aa cute-arigled Triangle i is that which hath ali its Angle 
3 and its called an Oæ gen m Triangle ; * are the * 
a Sccend Triangles | 4 BC, and B DG.' CN 


| Note. 4ll rianol-s that bare not ak gb An fe, JE as 
are Aculi & c W Tas General Ps cules 80 Traan- 
WS: „ „ „ ARTS . 


* 
5 


* my * or” * a * mY bw — * * — - ' 2.4 


* 


Plain Tri angle, is the Length of a Rig be 
Le let fall Perpendicular from any of 
its Angles, upon the Side . to 


may be either within, or i the 


- Square. 


Figure, is that which hath Four equal 


| Jig Paſit ion, as the Annexed Figure. 


nee an Oblong, or Long Square) , _ EMS 
is a Figure that hath Four Right © _ | 2 
þ 4 


Moved out of its R 718 Poſurzon, 5 
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gies, without any whey DiſtinQion as before. And the Longeſt 
Side of every Obl:que Triangle, is uſually called the Bale; 3 the other. 


Two are only called Sides, or Legs. 


. The Altitude or Height of any 


that Angle from whence it falls; And 


Triangle, as Occaſion requires, being 15 
denoted by the two prick'd Lines | in the : 
Annexed n * 55 


$:8. 4. Of Four-Sided Figures, dee. 


58 . A Sauaxe, is a plain regular Figure, 


whoſe Area is Limited by Four equal Sides A; — = 


all heyy way" one to another. That is, BE 
| when 45 2cC=CD=DA4 and OS. : 


Then it's uſually” called a Geometrical | 


1. Rhombus o or 8 like 


$:4es, but no Rg Angle. That is, 
a Rhombus is a qua e moved out of its 


3. A Rectangle, Or a Rig. angled bali gen (often 


Angle, and its Two oppoſite Sides . 
Equal, viz. BC.=HD and BHS CO. 


4. A Ahombottes, is an 0b ique-angled | Para felogram = 
Thar is, ir is a Paralieleg- ram © | e 


like the 4. ue xed F gure. ß 
5 lue àAltitade de Heigbe of any 0b:1que 1 glu. Re 

gram, viz. enher of the &1-mbus or = 
R modes, is a Right Line let fall, 
Fe p-ndicuuar from any Angle upon he 
we 22 ro that Angie; and ic may 
her be within or win n- Egure, : 

4. 8 - prickd Lines in the Annexed Fi. 


gue, — 
1 o 


2 %½½½½% %% % 
* v 
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| 6. All Four þ ded Plans, which | 
differ from thoſe befote mention d, 5 
are called Trapezita. : 
Thar is, when they have neither 
Oppoſite Sides, nor Oppoſite Angle, 
7 equals As rhe Figure. ABC 1 4 5 


WET A Right Line drawn from any Avgle in in a Res 1 ded ew 
do its opp ſite Angle, is ca led a Otagonal Line, and will Divide 
the Area of the Figure into two Triangles, W eee "Y the 


T7 e Line 4 C 1n the laſt Figure. 


38. All Right /ined Figures that have more wa Four 84. 
are called Pohjgons, whether they be Reg ar, or Irregular. 


9. A Kegalar Polpgon, is that which ha h all irs Sid: equal 
ſtanding at equa! Avgles ; and is nam'd according to the 


Number of its Sides (or Angles). Thar is, if it have Five 


_ ſhewed archer on. 


equal Sides, its called a Pentagon; if Six equal Sides, itt 
cal led „ z if Seven, it is a ; J if b ir is an 


Mar, All Regular Polygons m may as inſeribed in in a OY SY 
87, their Angular Points, Law many ſoever they bave, 1 all of 
touch the Circle's Periphery, | 

10. An Irregular Paiygon is that Figue which hath many 

unequal Sides ftanding at unequal Angles ” 
(like unto the Annexed Figure, or other= \_ : : NG 
wiſe); And of ſuch kind of Pohgons 
_ there are infinite Varieties ; but they may 

all be Reduced io Regular Figures, by d. 
ing Diagonal Lines in them, as hall ” . 


| Theſe are the moſt 3 and uſeful outen, tha coreerh 
1 85 plain or Superficial Geometry, : 
s for choſe which relate to Solids, thought i it convenient to 


omit giving any Account of them in this Place, becaule they 


| would rather Pr Axle and An uſe the Learner than Improve him, 


E until he has gained a competent Knowledge in the moſt uſeful 


| Theorems concerning Superficie:, for then thoſe Definitions may 
be more eaſih underſtood, and will help to form a clearer Idea 
of their re / pect ive Solsdy, than * tis p ſſtule to conceive of them 
before, and therefore I have reſerved thofe W umi we 
come 10 the * * * 
Seck. 


— 


1 ; Of Definitions, &e 5; 


l. 5- Of 15 Terms as are — na 


Wharſoever is propoſed in G:omerry,will, either be a Pzoblem, | | | 


ct 4 Theoꝛ m. 
Boch which Euc: id gab lader i in the general m * Propoſition 


4 Pzobiem is thit which propoſes ſomething to be gone, and 
Relates more Immedi ately to Practical than Speculative Geomeery; | 
That is, its generally of ſuch a Nature as to be perform'd by 
ſome known or common received Rules, withour * regard had | 
io their Inventions or Demonſtrations, : 


A Theozem 1s when any common received Rule, or any New ; 


Prop ſition is required to be Demonſtrated, that ſo it may from 


thenceforward become a certain Rule to be Relied upon in Pra- 
dice, when Oeceſion requires it. And therefore ſeveral Rules 
are often called Theorems, by which Operations in e . 
and Concluſions in Geometry are perform l. 


Note By Demonſtration is underſtood the hit 24 den of : 
Prov! that human Reaſon is capable of attaining to, by a Train of 
Arguments, deduced or drawn from ſuch plain Axioms, and «ther 
S::t -vident Ts, 4s cannot os ward tas ay One tha confi we 


| them, 


4 4 nollary, Or Suki * W.- aw Cmſequent Ton 8 


drawn, or gained from any Demonſtration. 


A Lemm is the Demonſtration of ſome n e laid down, 
or propoſed as Preparative, to obviate and ſhorren the Pre of : 
the Theorem under Conſideration, 


A Scholtum 1 18 4 brief — or Obſervation m made e upon 5 | 
+ ſome precedent Diſcourſe. „ - 


NB. I adviſe the young as to 1 very — in theſe : 


| Definitions; And that be may know from whence meſt of the 


Problems and Theorems comtain'd in the two following Chapters 
are eollected; I bave all along cited the Proprſition and Book of 
Euclid's Elements where they may be found. As for Inſtance, g 


at Problem 1. there is (4. e. 1.) which ſhews that it is che 
Tird Propoſition in Euclid's firſt Book ; the like muſt be under= 

| ſtood in the Theorems ; Viz. not to reſt ſatisfied with a bare Re® 
WW mmbrance of them, but that he endeavour to gain a clear Ides 
onde ſtanding of the Things defined. And for that N . 


Fhave been Lale in every * than i 15 uſual. . 
CHAP. 
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. 1. That a Right 
% EE. 
1. That a Right Line may be Produced, Increaſed, or malt 
Longer from either of its Ends. „„ 


Make the ſhorteſt Line as CB, = —© 
| Radius, and with it deſcribe a 
Circle; From its Center C ſet 4 
off the other Line AC, and 
55 fon ACB with a Right Line. 


and AD=AC—CB; as 
was required, | 


| Elements of Geometry. Part 


7 = 


CHAP. Il. 


bo e Firſt RKudiments, or Leading and Preparatm 


Pꝛoblems in Plain Geometry. 
In order to perform the following Problems, the young Geomety 


- oug he to be provided with a thin ſtreight Ruler, made either of Braff 
or Box wood; and two Pair of very good Compaſſes, Viz, one Py 


called Three Pointed Compaſſes, being very uſeful for drawing i 


Figures or Schemes, eicher with black Lead or Ink, and one Pa 
| of plain Compaſſes with very fine Points, to meaſure and ſet off D. 
ftances ; aiſo he ſhould have à very good Steel drawing Pen: 4» 


then he may proczed to the Wirk with this Caution; That he cupht 


fo make himſelf Maſter of one Problem before he undertake th 
nuext, That is, he ought to underſtand the Deſign, and, as far 4th 
een, the Reaſon of every Problem as well as how to do it, and tha 
4 little Practice will render them very Eaſy, th:y being all grand if 


ed npen theſe following Poſtulates. 


| Boſlulateg oc Petitions. = 


Line may be drawn from any one giren 


3. That upon any given Point (or Center) and wich any given 


Diſtance (viz. with any Radius) a Circle may be deſcribed, 


Two Right Lines being given ; To find their Sum and 
nnn SY 
ler the given Lines be & 


ben will 4B=4C +CB; 


S' g = 4 


2 The Fr Envimentss or Broblems EZ 


PROBLEM IL 
To 1 or- Di vid: 4 Right Line given (ar 4B) into Tis 


um Equal Parts, (Io. e. 1) 
8 "TAR hack Ends of the giyen Line (viz. 4 and 7 Z 
with any Radius Greater than Haff 2 | 


* its Length, deſcribe Two Arches, that 


10 may croſs each other in Two Points, £ 3 

= as ar D and F; Then jo thoſe e 

7 Paints D, F with a 12 Line; 4— 4 — Yþ 

And it will biſet the Line AB CCC 

1 in the Middle Ac 8 vix. it will 5 : 2 : - % 

uo make 1 * 8; as was Le 7 8 

the red. | | | Pg 5 i > 

PROBLEM III. | 

9 To 7% * Rigbe-lin 4 24 3 into two e. angle + 
| 9. e. 1, 


Upon he Angular Point, as at C, with any convenient *. 
dius, deſcribe an Arch as AB; FF 

And from thoſe Points 4 and B. „„ 
deſcribe Two equal Arches creffing 1 | 
each other, as at D. Then jon WW 
the Poznts C, and D, with a 
Rabe Line, and it will b:ſe& che 
Arch 4 B, and — the - 

dongle, + as was 8 required. | 


PR OBLEM ww. 


4. 4 * A in 4 Right Line given 4 B. To meke- MM 
Rgbe-lin d Angle. to 4 hs Angle ou „ 
423. e. 1.) * 


Upon the given * Point c 1 
deſcribe an Arch, as FD (makin "g 15 
CD any Radius at oxy 8 
with the ſame Radius, deſcribe the ©. 
like Arch upon the given Poine A, 
as fd. That is, make the 4reb fd 1 5 
Equal to the Arch FO; Then % 
the Points 4, and f with a Right 
Line, and it will Form u the oe? ws A+ 
F b 


ven 


pen 


FA 


PROBLEM 5 6 


To draw 4 Righe 1 Line, 4s FD, parallel to a given Righe Lin 
AI. that fhall paſs chroug b any aſſigned Pant, 43 at * vn. 


at any Diſtance required (3 1. e. 1.) 


Take any convenient Paint in the given Line, a at re, 


_ (rhe further off » the better); 


"Elements of See er. "Far fi 


— 


make C x Radius, and with F— BED . — ——D 

it upon the Pon? C, deſcribe F 
J ͤ ̃ as ⁵ Nö. fot = 
Then make the Arch HM A- _ n * 5 N 


equal to the Arch xN;throug 


the Points M and x draw the Right Line F D, and it will be 


8 parallel i to the Line 40 as was n 


5 To let fall a gerate, asCx, upon 4 given R 2b. Lin | 


AB. from any aff, gned Feine that 5s not in it, as Litas 0. 


112. . 1.) 


Upon the given Point C, diferibe ſuch an a 4rch 2 a x Circ, 


0 as will croſs the given Line 4B in c 
Two Points, as at d, and f; Then „ 
bi ſect the Diſtance between thoſe Two | 3 
Points d. F (per Prob. 2.) as at x. «= 
Draw the Righs Line Cx, and it . 


85 will de the Ns any required. A> 
© PROBLEM iI. 


To Ben or Raiſe a Perpendicular uber the End of auy zien 
Right Line, as a: eB; Or _— any ot her Point aff, Ned in it. 


. . 1) 


Upon any Point (reken at an Alventure) our of the gien 


*, . 
"7, : : ? 
. 
1 9 
\ 
5 
* 


Line, as at C, deſc:ibe ſuch a 


＋ . n . 
"roo, ITLLA 
* * 


__— 


_ Circle, as will paſs through the . 
Point frem whence the Per pendicu- ö; 
| lar muſt be Riſed, as at B (viz, © C18 
mae CB Radic); And from * „ |5 
the Point where the Circle cuts e 
given Line, as at 4, draw the Cir=s A”. = — 3 
cles Diameter AC D. Then v1» - woe a 


ftom the Point D, draw the Right Line DB, and it will be 


the Lap. ner as was required, 


PRO: 


the Points 4, and B, ſet of _ : 


Parti (ſuppoſe them 5.) If Right 


c. 2 The Firk Buviments bis 5 


PROBLEM VIII. 


LY Divide . given Righe Line, as AB, into any abs 


Number of Equal Parts (to. e. 6.) 
Ar the Extream Points (or Ends) of the given Line, a as 40 


A and B, make Two equal 


Angles (by Prob. 3.) continuing 


| ps. Sides AD, and BC C: 
to any ſufficient Lengeh ; Then * 


upon thoſe Sides, beginning ' 


the propoſed 1. of equal 8 


Lines be drawn (croſs the given 
Line) from one Point to the 


other, as in the Annexed Figure, 


thoſe Lines will Divide the given Line 4 » into the Number - 


KB of Were Parts OI. 


PROBLEM IX 


1 4 „ 4 ee that ſhall paſs e = through any Hees 5 


Points 2 not *. in a * as | the Points 1 5 


1 


on the Ss B 1 1 B D with nie Line chen . 
Bifect both thoſe Lines (per Problem 2) . 


The Point where the biſecting Lines 
meet, as at C, will de the Center f . 


the cirele required. 


1e 


The Work of this Nate being wil. n =D Þ e 


| underſtood, it will be Eaſie to perform 
the Two following; without any Scheme 


viz. 1. To find the Center of any Circle even: 25 1. e. 3.) 
By the Laſt Prob. tis plain, that if Three Points be 2 where 
taken in the given Circle's Periphery, as at 4, B, D, he Center 


| of that Circle may be found as before. 


my 2. i 4 a and of ay Circle be given ; 25 complent or 22 8 


in. 


_ the whole Circle. 


This may be done by taking any Three Points i in the 288 55 : 


en Arch, and then proceed as before; 


Pp, 5 . | PRO 


— RTE ——— er 


with Right Lines, and they will make. OP 
| the Tri angle man a! = 


Make cicher of the ſhorter mY 
/ Raz, -- 
= upon either End of the 


= FAR an Arch; then make 5 | 15 
the other Line CB Radius, and upon 9 other End of hs 
Longeſt Side, as at B, deſcribe another Arch to croſs the Firſt 
Arcb, as at C; Join the Points C 4, and C with mes . 
3 and they will form the Triangle required. | 
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— — 


PROBLEM *. 


"ow. a le Line given, as AB; To aſcribe an | Equileed 


Triangle. (i. +. 1.9 


Make the given Line Radius, and 
with it, upon each of its Extrem 
Points, or Ends, as at A, and B, 


deſcribe an Arch, viz. A C, md Bc. . - 


Then joyn the Points AC, and BC 4 


PROBLEM XI. 


Three Right Lines being given ; To form tow into 4 4 Triangle, 


(provided any Two of them taken together be Langer than th 
e (22. e. . 1.) | | Jo 


Let the given Lines be 15 PROS 


Longeſt Eine, as at A, So 4. „ 


PROBLEM XII. 


| 9 4 given Right Line, as AB, To form a Square, tek. 3 


Dp pon one end of the gi en Line, as ar B, Erect the Per. 
pendicular BD, equal in Length 
with the given Line, viz. make 
BD g= AB; that being done, make 5 Ts, 13 
the given Line flu upon he }--:: 
, and , deſcribe equal | |: 
Arches to oſs each other, as at Cc „ 
| Then joyn the Posner C4, and 8 {_ 
with Ngbe Lines, and they will form 4—— 
* Square required. 3 


. 5 Je a : w : * © : 


. 0 


r 


_— 


— 
ai 


4 
4 
E 
a 
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PROBLEM. XII 


Two wnequal Right Lines being given; To Aviv or make of them : 
4 Right gn Far Ca. DE BED 


Is the given Lincs be Ca- . 
Upon one End ot the Leng- 1 11 „ 
i ME og 
- Perpendicular, of the fame | ER 
Length with the ſhorteſt Line =: 4 = 
BC; Then from the Point C 4 —5 


draw a Line Parallel, and of ; 8 N 
the ſame Length to 4 B, viz. — DC=4 B. Jon 824 


with a Nabe Tine, and it in form the 1 or os : 
required, : 5 


As for Rhombus's s, and 6 to wit, i. Oblique-engled 


Parallelograms, they are made and deſcribed after the ſame man-— 
ner with the Two laſt Figures; only inſtead of Erecting the 
Perpendiculars, you mult fer off cheir given Angles, and then 


proceed te o draw their Sides Parallel, Se. As . | 
P R OBLE M XIV. 


In any given Ciel, To Inſcribe or make a Triangle, whoſe Ang hs 7 


| ſrall be equal to the _ of a given a 4s "a v. 
FDG, (2. e. 4. 1 | 85 


Neote, Any Right- 1 4 R is 4414 to 1 ol: in 4 « Cirele, i 
when all the B Points "oy that nes do Ju touc⸗ 2 the Cirele. 4 
Per; phery. 


| Draw any Robe Lins (as H K) 0 as juſt 1 to couch the 0 
Circle, as at A; Then make 


E——— 


— 


the Angle K 4c 0 FI : 7 3 1 


any one A4 gle of the given D 
Triangle (as DF G); And 

the Angle H 4 B equal to 
another Angle of the Triangle 
(as DGF); Then will the \ 
Angle B A C be equal ro the / | 
Angle FDG. Joyn the Poines f 3 . 
J and C with a Right Line, 3 5 


FER 


nd | It will form the Triangle required. 


ws . " PRO. 
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PROBLEM XV. 


In any given Triangle, as A B D, To deſcribe a Circle that ſhaft 
touch all its Sides. (4. 6.4) 


 BijeB any Two Angles of the - 


Triangle, 3s A and B. and where | 8 | 
the bilecting Lines meer, as at C . {c 
will be the Center of the Circle re of © ...\ P 

quired , and its Radius will be the / <4 0 
neareſt Diſtance to the Sides of A — 1 1 
| 2 mien „ VVHCPFPVU cahras 02 - 

PROBLEM. XVI. e 0 


' To deſcribe a Circle about any given Triangle. ( 5. e. 40. 


it 
| f 
Ibis Problem is perform'd in all Reſpects like the 9th wit, P 
85 by Biſecting any Two Sides of the given Triangle; the Point c 
where thoſe biſecting Lines , will de the Center of we 1 
95 Circle required. + ( 
9 5 

a 

\ 

, 


CT: R 0 B L E * XVII. 
To deſcribe a Square abous any given Circle, . e. 0 


Draw Two Diameter: in the given P. 
Circle, As D 4, and EB, at Right 1. —— 
N Ang les i in the Center C; And with de 

Circle's Radius © A, deſcribe from the | .* 
Extream Foints of the Diameter, A, B. D. 

. Croſs Arches, as at F, G "Rl: £ 
Then joyn thoſe Points where the -- 
| Arches Croſs, with Rigs Lines, and . I 
chey 1 wil form : the Square required, 


'PROBLE M XVII. 


12 ay given Circ, To deſeribe the Largeſt Sq quare it can - 
tain, (6. e. 4.) | 


| n PIR the Diameters, as D A, and E B, Bilecting 

; a — at Right Angles in the center C, (As in the Laſt 

Scheme 3) Then joyn the Points 4, B, D, and E with Right 

1985 ofthe VIZ. A B, BD, 0 E, 4, and they will be rhe — 
of t * uired. . 

1 PRO! 


e Aa A tH. © £©@Ar_ + $a * _- 


4 


it croſſes the other Circle, as at F. 
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PROBLEM XIX. 


vy any given Rioke Line. a: AB, To deſcribe 4 Regular . 


1 Five Sided Polygon, 


Points where the Circles croſs each XK. 
other, as at G, * draw the Right 3 er 


the ſame Radius deſcribe ie da 
HAeBD. Then lay a Ruler up- 
on the Points De, and mark where 


Again, lay the Ruler upon tze 
Points He, and mark where it 


croſſes che other Circle as at C. 11 1 


Then from the Points F and C 


(with the ſame Radius as before) Jeſcribe: ach heck as at N 
Joyn the Points AF, FN KC, and CB with Righe Lines, Z 


and they will form the Pentagon required. 


Vis AF=FK=KC=CB=4B. Andr the Agr 
at 4 ., c, * F . 


will be Fqual, 


3 


PROBLEM xX. 


— 


. = given Circ, To » deſeribe 4 Regular Pentagon; (ir, 5 4 8 


and 10. e. 3. 


in general Terms, to deſcribe any Regular Polygon * P Circle: i : _ 


"ha the Circle's Bine D 4, and divide it into 7 "vs 5 


many equal Parts, as the propoſed i, 
Polygon hath Number of Sides ; — aw 
make the whole Diameter a Radium, 
and deſcribe the Two Arches C OE 4 
and CD. If a Right Line be drawn 
from the Point C, through the Second 
of thoſe equal Parts in the Diameter, 
u at 2, it will aſſign a Point in tbe ++ 4 — 
oppoſite Semicircle's Periphery, as ar B. 

Joyn DB with a Right Line, and it ; 
will be the true Side . the Penta: ” 
zen Jae. 


Make che given Line Radius, and — each End of * de: 
(cribe a Circle, and through thoſe | 


0, H . 
* 0 
| Pagzgagnt® 
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Theſe Tay P-cbiems are lufficient to & X<rciie theyung 
 Pradctirio..cr, and bring his Hand to the right Management gf 
a Rur and Compaſſes, wherein I would advile him to be very 
Ready and Exact. 
As to the Kea ſon why ſuch Links muſt be lo Js, as dire. 
cCted at each Problem; That, I preſume, will fully and clearly 
appear from the tollowing Theorems ; and therefore 1 have (fy 
Brevitics ſake) omitted giving any Demonſtr as? ng of them in this 
Chapter, deſiring the Learn? to be ſatisficd with the bare Know. 
ledge of doing them only, until he hath fully conſidered the 
Contents of the next Chapter; and * I doubt noc but all wil 


8 appear 88 Plain and Ealie. e. 


CHAP. III. 


4 Colleition f moſt uleful Theoꝛems in lin Gums 
Demonſtrated. FOE 


Note, In order to ſhorten ſeveral of i the following benen 


5 it will be neceſſ. ary to premiſe, That 


. The Periphery (or 1 of every c 5 (wbetl 
Great or Small) is ſuppoſed to be Divided into 360 equal! Parti 
called Degrees; And every one of thole Degrees are Divideds in. 
0 60 equal Parts called Minutes, &c. 


6 Al Angles are . by the 4 << of; 2 Circ! e © 
upon the Argular Point ¶ ſee Defi, 9. Page 281.) and are efteem- 
ed Greater or Leſs, eee to the Myer of Degrees contain- 
eld in that 6 | | | 5 


3. A Quadrant or 3 Par of any Clubs. is a go 
Degrees, being the Meaſure of a Right Angle (Defi. 6. Page 281) 
And a Semi- circle is = 180 ht . the Meaſure of Tov 
Right Angles. 1 55 . 


1 Equal Arches of a a Cirele, Or 1 Equal cz e 
Equal Angles. 


To thoſe Five general liess 3 laid down i in Page 146 
{which I bere ſuppoſe the Reader to be very well acquaint:d with) 
it will be convenient to underſtand theſe following, RS bo: 
5 gin their Number where che — ended. 

; Axioms; 


en The Fit Rudiments or Problems. 2 
= mm - 
ot 6. Every whole Thing is Greater chan irs Part. 


Greater than its Part Ac &c. 


h The ſame is ro be underſtood of Superficies and Solids. 

fr 7. Every Whole is Equal to all its Parts taken together. . 
UL That is, the whole Line A B is equal) A—|——| ——|—B 

5 do its Parts AC ed de enn V⁵ 

- The ſame is allo True in Superficies and Solid. 


| agree Or meet in all their Parts, are equal one to the other. 


But the Cenverſe of this Axiom; to wit, that equal things be- 
1 ing laid one upon the other will meet, is only true in Lines and 
: Angles, but not in Superficies, unleſs they be alike, viz. of the 
lame Figure or Form; As for inſtance, a Circle may be Equal in 
Area to a Square; bur if they are Laid one upon the other, tis 
plain they cannot meet in all their Parts, becauſe they are unlike 
” Figures, Allo a Parallelogram, and a Triangle may be Equal 
in their 4rea's one to another; and both of them may be Equal 
1, IE Square; bur if they are Laid one upon the other, they will 


in. not meer in all their Parts, &c. 


15 Note, Beſides the Characters already explained in Part 1. And 
* other places of this Tract, theſe following are Added. I 

an Viz. C denotes an Angle in general, and 4 £ ſignifies 
mM Wh Angles; A ſignifies a Triangle; Ol ſignifies a Square; and 


ll WES) denotes a Parallelogram. And when an Angle is Denoted 
by any Three Letters (as A BC, &c.) the middle Letter (As B) 

- always Denotes the Angular Point; and the other T wo Letter? 

% as 4B. and BC) Denote the Lines cr Sides of a Triangle 


my which include that Angle. 
Theſe things being premiſed 


may perceive an abſolute Nece!iiity of being well verſed in ſe- 


146. | , 2 4 "ig; RE 
itt) ens, that a Propaſition cannot be clearly Demon ſtrared a priori, 
be- WF" of ir Self, without a great deal of Trouble. Therefore it 


nll be Uſefal ro have Rec: ſe ro thoſe Truths that may be af- 
ung in the Demonſtration tucii in hand, 


That is, the whole Line A B 48 — | — - B 


9. Thoſe Things which being Laid one upon another, do 


„ the young Geometer may proceed | 
to the Demonſtrations of the following Theorems : wherein he 


veral things that have been already delivered: And alſo it will 


de very advantapecus to ſtore up ſeveral uſeful Corellaries, and 
mas as they become diſcovered Tui; For it often hap- 


THEO. 


* —— — 
2 f : " 


— | | Elements of Geometry. | Rar! 


Fa Right I ine ſtand upon (or meet with) re A Right Lin 
5 1 make Angles with it, they will either be Two Right Angle 
=, Two Angles to Two Right Angles. (13- * 1% 


N Two Right 3 


Let he Two Rh be A B, 
tber in the Center C. 


| And CLE se $90 Laſt — 
Conſequently C b. e *. os 


8 ems 


| Conſequently Z. e LL c = 2 5 rat 4 ad 
5 then 2e = — 4s ? Frey ef 


THEOREM I. 


Demonſtration. | |. 

Suppoſe the Lines ro be 4B and DC, meeting in C 
Point at C; upon C deſcribe _ * 
any Cirele at pleaſure. Then will 5 „ 4 7 
the Arch 4 D be the Meaſure of „„ : 
--- the £ þ, and rhe Arch De | 
Meaſure of the Le; but the Arch- | 4 gg . 
es 4 D D B = 180%. Viz. 1 
they complear the Semicircle. l 
85 e che Lb 2 * 4 e 180”. Whicha was to be pod ' 
5 8 f 
= "Heer it follows, that if the Z. Fa = 90*, then tn : 
| bur if PA b be Obruſe, then the Le will be Acute, Se. 0 
5 
9 From hence i it will be eaſie to Conceive, thar if ſeveral Rig 
5 Lines and upon, or meet with any Right Line, at one and the # 
ſame Point, all the Angles taken together will be —= = - 180? ui 


THEOREM I. 
I Two Angles Interſe# (viz. cut or croſs) each other, the Tx 
1 7 te Angles will be Equal. Q 5 0c · * 


Demonſtration. . 


ds 7 8 1 1 As * * 


and D E, Interſecting each « - 
Then g. b+Le= 1809 


42 4 Axiom Jo DOS OO... 
SubſtraR C. b on both Sides f £4, 
the Æquation; and it will leave e 


Again Z. 5 . Le 180% Lege 8 Lott ite, 


E.! wy 


and the Right Line DG, to cut 
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c cron. 


"From hence it's Beides that if Two Lines fucks each 
other, they will make Four Angles, which being taken toge : 


1 will e be Equal to Four Rg be 5 


| THEOREM II. 


7 4 Rigs Lin cut (or croſs) To Paralie ! ka it | wall mels 
the Oppeſite Angles equal one to another, (29. e. 1.) 


| Suppoſe the Two Lines 4 B, and H K ro be Parallel, 85 
them both at C and n. Upon 


the Point C (with any Radius) 
deſcribe a S-miczrcle, and with 


n 22 
the ſame Radius, upon the Point LES 
at u, deſcribe another Semicircle ES 
oppoſite ro the Firſt, as in the 7 Sr 3 


Figure. Then tis plain, and 1 
ſuppoſe very Eafie to conceive, _ 
that if the Center C were Moved 
along upon the Line DG, until — 
ir came to the Center at u, the two Lines 4 B, and H R would Y 
meet and concur, viz. become one Line (for Parallel Lines are 


is it were but one broad Line.) Conſequently the Two Semicir= 
cles would alſo meet; and become one entire cineie. like o 
that in the laſt Demonſtration. 5 


And therefore the ZK EEE HE 
And e * * — Se Laſt Theorem, 


QE. D. 5 


ts” 


5 it Gollonins PO if Three, Filer: or never fo many 55 


Parallel Lines are cut or croſs'd by o one Rebe Line, a their ** HEY 
* 1 will be Equal. : 


THEOREM W. 


BY — An 1 of every plain Triangle, are Equals to two R 2 . 


Angles, (32. e. 1.) : 
8 any iwo ow f any plain Triang/e muſt needs be 


Is Deren. 


= 
. 
$i 
N 
'Þ 
1 
* 1 
* 
1 
. 
1 
19 
7 
Ti 7 
: 
. 
i 
LY 
4 
1 
is 
4: 
8 
* 
5 ; 
1 
1 
2 
8 
a: : 
1 
; 
11 
i 


$S 
4 


fp | — -- 2 — . — 
3 — — 8 3 4 


the Sides AC, and BC to 1ts 


Fer Laſt Theorem. 


"a BI & $== 180). Per \E: 
Then em 1. e „„ 
And the VE B + J 4 i 1805 per Laſt Thom 
Therefore C B＋ LJ LB L. 4 + £4 C. Per Axiom 5. 
Subſtratt / B on both Sides the Æquation, and it will leave 
L= LAT C. (Per Axiom 2.) Q. E. D. 
Conſequentiy, the out ward Angle (at 3) of any plain Triangle 
muſt needs be greater than eicher Ly the inward qo Angles, 
L. 4 or C. (16. 61). | _ 
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Demenſtration. 


1 the A 4 B c be propoſed ; draw the Reb Line H * 


> Parallel to the Side 4 B, juſt rouch- 


ing the Vertical Angle C; And up- 


on the ſame Angular Point C, de- . b K 


ſcribe any S:micircle, and produce 


Periphery, Then will  b CB, 
4, a=L 4, and . & = a C, 


Bur Z. b _ * 21 = 180? or Two 1 * 


8 28 * — 4 35 2 = 180% Per Axiom 3. 


| n . e | 
bi it follow; 85 that the Two Acute Angles of every Nabe 


1 angled Triangle, are Equal to a Right Angle or 905. 


Conlequently, if one of the Acute Angle: be given, the other 


is allo siven; viz, 90 — the given 4 leave es the other 2. 


THEOREM V. 


| If one Side of any plain Triangle, be erin or ad ha 
er out of the Triangle; the outward Angle will . be "ps 
to the Two inward Oppo te Angles. (32% e. 1 1) 


| Demonſtration, 


as the Side AB of the A 4 BC be + produced out c of 
the A ſuppole to D, Ge. 
as in the Figure. Then 


LIAN. for the 


e 


it « follows, That if One 3 of any plain Triangle 
be given, the Sum of the other Two Angles is allo given, to: 
$8c2? — the given _ = the other Two < . leren 


le 
J 
1 


ect the JC, or (which is all one) make 


| than the Side B C, therefore the I, at ; 
| Dis become Larger than Ir was before = 


— 


THEOREM vi 


| In every olain Triangle, Equal Sides ſubrend (viz, are orf to * 


Equal Angles, (J. e. 1. 


Conſequent'y, Equal Angles are Subrended 1 Equal Sides (6. e e. 1.) 


D. monſtration. 5 N 


Suppoſe the A BCD to be an 7: 9 | 
lbs A; That is, ler BG — e D. Bi- 


C 4 Perpendicular to B D; then will the 


E. an each Side of it, vi. ieee „ 
5 and J. D AC be Right Angles. 5 1 
Therefore 1775 ' £ c +4 2 8 wo. ” Per Corol. ro \ Theorem 4. 


Conſequently £ CCS LEBpESE4 E D. Per Aries 1 
Subſtract C from both Sides of the Equation, and it will . 
a e. Fer Axiom 2. N a 2 


| Corollary... 


3 3 it « follows: thas the Three Angles | of an in Kull. 5 


ter ral | Triangle, are Equal one to another. 


THEOREM vi. 


i every i oe 7 Tring! e the : long ft Side ſubrends the great 42 
FVV 5 8 
Conſe quently, the greateſt Angle of any plain Triangle, 15 lane. 


ded by the longeſt Side. 


This Theorem is evident by e oaly ; > For 11 one of 


the Sides of any plain Triangle, as CB, 
be produced, ſuppoſe to E; 5 joyn DE 
with a Right Line; Then tis evident, 
that becauſe C E is now made longer 


by the L B D E and it's plain, the 


Longer the Side & E had been made, Fa 

the Lat D . have been the 1 

more enla ged. 25 5 
ene 


_— —  — — — —C————————CO——— — . . 


the J at the Center. 
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'TH EOREM VIII. 


1 the Sides of Two Triangles are Equal, the Angles Oppoſ te to 
. thoſe equal Sides will be Equal. i JED , 


The Truth of this Theorem is evident by the Two included 
Triangles in the 6th Theorem, for they have their reſpective Sides 
9 8 Equa), dig. BC CD, BAD A, and C 4 common to both 
A. And it is there proved. That the Z oppoſite to thoſe 
Equal Sides, are Equal, Se. which needs no further Proof. 


Note, Te Converſe of this Theorem holds not true ; for the PR 
gles of two Triangles may be equal, and their oppoſite or * 
Sides une ſual, 47 "will ape at Theorem 12. 


<C orellary. 


. i n That AA Oey Equile eral, are allo 


mutually Equiangular, And 


That AA mutua, D Equilatera!, are os one to 0 ancrber 


6 and 26, . i 0 
| THEOREM 4 


„„ An th ge eat the Coney of any Cirele, is always double to the Ang 
| at the Periphery, when both the Angles ſtand upon the ſame Arc, 


- (36. e. 3. ) Tt Tbecrem Lath three Varieties « or een. 


- Demonſiration. 


| — 1. Let the Diameter D A and 

: * Line D B, be the Two Lines 

which form the 4 at ihe Periphery ; 
Draw the Rad: vs BC, then is . BCA N 


But BCA DT B. Per Theor. 5; 9 

And becauſe DC = BE, ben 
fore J D= L B. Per es " 
80 n £4 BCADZS!L — D. 


c 2. lbs the EB c F * 
— * Center, to be within the . BOF - 
at the Periphery (as in the Annexed - 
Figure.) Draw the Diameter D 4, 

 Thenthe/_BCA=24. BDA 
And the . FEA=24 20.1) be Caſe | 
Add theſe cwo Equations Wgether 


3 
a 
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Then will L BC pegs G BD IL FDA per Axio, 1. 
Bur . BE4 FF F CA = Let. | 


and 2 L BDO ANY CFO AN ZB DF. 


Conſequently | 2 BF C=24B 5 F. 


Caſe 3. Again, ſuppoſe the L BCF . 
at the Center, to be out of the C BDF nn 
at the Periphery. From the Angular 
Point D ar the Periphery, draw the ROT, RT 
3 DA. + N 

hen L FCA 2 DA —_ 
Fr LICA=2EFDAY yr Ciſer, 
Subſtratt this Laſt Æquation from the 
other, and it will Leave | 
FTA E BCA=2L FDA —13 1. 04 per Axiom 2. 
But L FCA — £ BCA =L FCB. And 2 FDOA—2 L BDA= 
2 in r 7 FCB=2 LFD B. <Q E. D. 


: Corollary: 


! its ey . Thar: all Angles at : the ten which | : 
ſtand on the ſame Segment or Arch of a Circle, or upon equal 5 
Arches, are e equal one to another. (21, e. 3 J 


THEOREM X: 


4 * in a Semi circle, 17 4 Right Angle, > 31. e. 3. 3.) That 


1, if the Diameter of any Circle be the Side of 4 Triangle, and 
the Angle oppoſite to that Side, be any where in the Circle Pe- 
len, it will be 4 * angle. 5 1 


' Demonſtration. 


Let D A be rhe Diameter, nd 4 
DB 4 the A, then Z B — | 
Draw the Radius BC, then is "the 
4 7 PF Fg. WAY FRE 
For J. CBD!=LD and „ CBA= L 4 
Per Theorem 6. 


Therefore £4 DBA=LC BD + 4 34. He dels; 


Agin DBA +FLDF LA =180% Per Theorem 4. 
ny 143 4 FOE. or a Right Angle, Tk. . 


i Coro. ; 


made of the Two Lines, 


, And e ß, 
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TY Corollaries, 

1. Hence it will be eaſie ro conceive, that an Angle made in 

any Segment leſs than a Semi- circle, will be Ob: uſe or Greater 
than a Right Angle. EY 

. And an Angle made in any Segment greater than a S:mi. 

_ circle, mutt conſequently be Acute. 

In any Right Angled Triangle, the Square which is made of the 
por henuſe, or Side ſubtending the Right Angle, is equal to both 
the Squares which are made of tie Sides including the Right 
Angle. (47. e. 1.) | 1 e 


There are ſeveral ways of demonſtrating this Noble and 
Uſeful Theorem; bur I preſume none more eaſie to be under. 
ſtood by a Learner, than that which I ſhall here propoſe; And 
in order thereto, it will be requiſite to premiſe the following 

„ e 
A Right Line is ſaid to be Multiplied with a Rigbt Line 
when either a Square, or other Bight-angled Parallelogram i 


That is, the Area of any Ripht-angled Parallelogram, is equal 
do the Product of thoſe Numbers which expreſs the Meaſure of 


Tis 48 eld Eq 


"Then AB 4E=6 X3 = 18 


3 
Square Inches, w ch is the Area of J AE . 
the Paralleiogram 4 BCP). 4 ; | 


— 


EE , 
If a Right Line be any wiſe cut into Two Parts, the Square 


of the whole Line will be equal to the Squares of each Pan, 


and a double Rd gle or Parailelogram made of both the Parts 
IN ; ee en 
1 Thar is, if the Line S, be cut into the _ 3 
Two Parts B and C. Then is 8S 2 3. 
but if both the Sides of the Equation be B | E- 
Irvolved, it will be S$S=BB-l-2BCTCC Rees 


_—— 


„, 


FEE 


Ti 


rallelogram, by the Firſt Lemma. And 


Conſequently, the Area of the 


Chap. 3- Of Tre 5 
| Lemma 3. 80 


The area of ev ery Right-anpled Triangle, is half the Paral- 
[logram made of its Baſe and Perpendicular. __. . 
For BC = the Area of the whole Pa- : 


ABC HA bc H= the Parallelogram 3 : = 
But B, and C e. 1 — 
Therefore BC — the Area of each A viz. Bc + i be = Be. 

Thele things being premiled, let us ſuppole, the Triangle 


 BCH to be a Right angled Triangle, Viz, the Side C perpen- 


—_ to the Side B. Then will BB + CC = HH. 


Dementtration. 


Make a Square whoſe Side Es 
6=B-þ-C, and draw the e 

included Square whole Side We 
s=H, as in the Scheme. I 
Then will the Area of the great 411 
Square, be equal to the Area HE 
of the Four Triangles ＋ HH, 
but the Area of each A — : 
Fer Lemma 3. Therefore : -_ > 
hea A's=4 BC X 4 = 2BC. Oy 


great Square is HH + 2BC. 

Involve B T C, and it will 
be BB + 2BC ＋ CC = the 
Area of the great _ Z 8 
Lemma 3. | 

Conſequently HH + 2BC = BB Fo 2BC + CC. Per Sn 5. . 
Subürack 2BC from both Sides of the . e and er will | 
Remain HH = BBT CC. | 


7, Ts Wluſtrate this Theorem by Numbers ; j Tak 6 
Suppoſe E= 3. B= 4 2d FB 1. 


1 „eee 


Der will cc 9. BB=16. and HH 25. 


C. , BB * HH = 16 <p 9 


vrom this admirable Theres ld je ON ft . by ; 


'  hagoras) is deduced the Method of Adding, and SubſtraBing HD 


3 8 TR nw, enn | 
| 7 7 E- 


«i 
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THEOREM XI 
In any Right-angled Triangle, a Perpendicular being let fall fn 
the Right Angle upon the Hypothenuſe, will divide the Triany 
into Two Right-angled Triangles, which will be both Similar g 
alike to the firſt Triangle, and to each other. (8. e. 6.) 


Note, Ali plain Triangles are ſaid to be Similar, viz. alike 
when each Single Angle in one of the Triangles, is equal to eq 
Single Angle of the other ; but if any Two Single Angles of oy 
Triangle, are equal to Two Single Angles of the other; the thy 
Angle will be equal. Per Theorem 4. ET 


1. In theRight-angled A BAC, LT 
Let A P be ſuppoſed Perpendi- 3 
cular to the Hypethenuſe BC, „‚5̃ i 2 

- Then SBZP=ELC.  - 

| And LB4- 1 C 9“, Per p—— 
| Corollary to Theorem 4. CER one 


* 


” Therfore 4 Bf = & c. Per Axiom 3. 


* 


Again, I PAC TIC = 9%. and 2B + LC = will 


Therefore F 7 PAC — & B, &c. Conſequently the L BA 
is alike to the A APC; And each is alike to the whit 


: B60 


4. Or it a Rgbe Line be drawn Parallel to one of the Sin 


of any plain Triangle (viz. with- 


Similar or alike to the whole 
TF 
In the A 4 3 D, draw the 
Reb Line 4 b Parallel to tige 
Side AB; Then will the In- 4 
JWT 
| A ADB. For 4 = L 4, and Lb = LB, Per Theorem} 
and D is common to both the Triangles ; Ergo, GSW. 


„ THEOREM XIII. 

Tus Triangles are alike, their like Sides will be Proportiond. 
|  Tharis, thoſe Sides which ſubtend the equal Angler, as all 
thoſe Sides which are about the equal Angles, will be Proportir 


Cs nal to each other; And conſequently, if any Two Triangles have 
| ther back, Eropertional, their Angler are equal (4, 5, 6, 7-0 
W e S Demum 


Ay 


Lon 4 
1— 


8 0O C0, a 


8 ©, aA.) 


' Demonſtration. - 


Int the Silo Triangles i in the Scheme of the laſt Thee 
be here propos d again. 

Then it will be BP: AP:: AP: CP. | According to this 
Theorem. Ergo BPxCP= APN AP. | 


Chap. 2. . 


Demonttration. 
let us ſuppoſe the aforeſaid 3 A B AC, cut 
through the Perpendicular A P, RS. Wy 
and there open'd until the 2M bes al. 
Sides BA and CA become : „„ 
one right Line: Let the Side: 11 A 
BP — C be continu'd un- „ - —P 
Athen meet in E: Ihen com ĩ· — ˙ — 
pleat the Parallelogram by „ 
drawing the Parallel Line. xx | MY 
GLC, HAP, GHB, and CLAP, e 5 9 


as in the Figure. = — 
"Then i it's evident, that the” A BHA= A BP A, and the 


SACPA=ACL A; alſo that the ABEC= ABGC, be- 


cauſe all their reſ pective Sides are equal. 

But the ABHA+ ACLA + HLA ABPA | 
+ACPA+ O APEP, Now, if from both Sides of this 
e/Aquation there be ſubfiraQted the equal A A, there will re- 
main HG LAS fg APEP. | 

But HG LAS BP x CP, and OAPEP=AP x AP; 
— B P: AP: : 4 P:CP. Which was to le 


fror d. 
Or otherwiſe thus; "SE. „ 

3850 che A BAC to be % v 
right-angled at 4, upon the - LN i 
L Point C with the Radius 
CA, deſcribe a Circle, and 
continue the Hypothennſe B C 
to Z; join Z A and AD | 
with rip L Lines; then will 8 
the a BAD be like to the * e - | 
ABZ A. 7 
For LDA B + LDAC= = 90% ip Conftruflion;. 
And Ll ZAC+ LD AC=90*. By Theorem 10. 
Therefore IL. DAB + L DAC LZACH LDAC. By Axiom 
itratt LD AC from both Sides of the y/£quation, and there 
will remain. 443 * W But — 


RJ: - 
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By Theorem 6. And LB is common to both A A. 50 


Therefore LB DA= LBAZ. By Theorem 4. 
Conſequently A BAD is like to A BZ AA. 


Let the Ger BY =þ ex Conſequemily bb SH cc. 
4 = (Which gives the following Analeyy, 
Viz b: :: h- b. That is, BA: BZ::BD:B4 
Ns. _ | | 7 | a Q. E. D, 


BA= ;\ | Cen bb Tech, by Theor. II. 


; | 9 | Coro larics. ; | : 

I. Hence it's evident, that in any right-angled Triangle, 1 
Perpendicular being let fall from the righs Angle upon the H. 

pot henuſe, will be a mean Proportional between the Segment: of 
the Hypothenuſe. That s, BP: PA:: PA: PC. 


| 2. The Baſe, (B A) is a mean 


Proportional between the Hp he- 


5 | = e (BC) and that Segmen: of the — ul 


© Hypothenuſe next to the Baſe (viz, 
BP.) That is, BC: B A.: BA F 


V 

Proportional between the Hypothenuſe (B C) and that Segmen 
of the Hypothenuſe next to the Cathetut, (viz. PC.) That is 
CCC e 

2 3 Scolium. 


l have been more large upon this moſt excellent Theorem, in 
giving a double Demon//ration of it, becauſe it is ſo aniverſalh 
_ uſeful in all Parts of the Mathema:icks : For the Buſineſs of 
Trigonometry (both Plain and 33 wholly depends upon 
it; and therc fore one may truly ſay, that Afronomy, Dialing, 
Muavigat ion. Surveying, Opticks, Cc. depend upon a due Ap 
plication of it F % 
Aud of its Uſe in Geometry Des Cartes takes particular Notice, 
as you may find in Dr. Pell's Agebra, Page 65, whoſe Wars 


Des Cartes, in a Letter not yet printed, writes thus: [0 


ET. ſearching the Solution of Geometrical Queſtions, I always 


* make Uſe of Lines Parallel and Perpendicular, as much u 
is poſſible, (he means as many Lines as are uſeful) and I cat 
“ ſider no ather Theorems but theſe two, the Sides of like 
* Triangles have (vis Proportion]. And [ in Rectangle Trias 


CA OZ 


oy 


4 . 
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* « the Sq uare of the 8 Side is equal to the Squares of the two 
ether Jade And | am not afraid to ſuppoſe many unknown 
« Quantities, that I may reduce the propos d Queſtion to ſuch 
« Terms, as to Gepeng. on no orher Theorems but theſe 


« two. | | 
„ Ibis! thought convenient to mint that the young Tamer 
4 may ſee how the Great De; Cartes een 'd thefe two Theorems, 


951 ** the laſt, and Theorem 1 1. for, in truth, all the precedent 
"WY Theorems are 'only (883 it were) Preparatives to theſe two. 


I This laſt 1 inven the Reaſon of the Method | 
H- 8 actin ning out e Lines, as in . three following 
r Problems. | 


PROBLEM | 


Two icht Line leing given, z0 In a third Line i in Proportion 
ww, i. GT. | 5 


F | Un the two Lines be 


det the two given 7 1 
| any Angle in the Punt A, and 
ven WW produce the Line 43 15 , 

tis, making B C= AD; jour IN nt 0h 
de Peints BD with a right ME Bb: 

Line, and draw CF Parallel 5 ge 

Fe to BD ; then will the A 43D 1 like oh _ ACE. „ 
j, in Therefore AB:BC (= AD): AD; DE, which 1 is the third - 


＋ 8 N "_ d. | | 

50 . 

"i 1 PROBLEM u. | 
ing, 
Ap- Tr . Liner being given, ro o find a mean proportional Line 
f between them, (13. — 1 
tice, 5 „ | 

Let the given | Lian be 11 ie F. —2—7— „ 

| - in | NE . - 4 | 2 | ba — 

wo pin che two eiven Lines i %%% ao bi 

cha iz. make BC=BP +PC, and J%ͤͤ!!ůkm j 
con-: upon B C, as Diameter, deſcribe a 5 — — 
like Semicircle ; 3 then upon the Point ne 


glei 2, where the two. Lines wen; Ds 
vile Rr 2 250 
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erect a Perpendicular to touch the Circle's boten, 48 74 4 | 
and it will be the mean Proportional requir d. 
Vi BP: AP:: AP: PC. 
By this Problem it is eaſy to conceive => to make a ane 
equal to any given Parallelogram, (14. e. 6.) 
Por if BP be the Length, and P 8 che Breadth of the given 
Parallelogram, then will 4P be the Side of the : Square, * 
in Area to that Parallelagram. N 


PROBLEM Il. 


Three Right Lines — given, to find 4 fourth Faves 
Line, ONE — 


| a the three Lines 15 


upon the longeſt Line AB ſet 5 
off the next longeſt Line AD, _ 
viz. make DB= AB— AD; 
then upon the Point D ſet „ . 

the other Line DC at any Angle, e 1 or clin 2 
draw the right Line AC, continuing it a ſufficient Length; 
make BF parallel to DC, and it will be the fourth dikes 
out requir d. That! 18, AD: DG:: AB: BF. 5 


THEOREM Iv. 


7 any Angle of a plain Triangle be biſefted (viz. divided 170 

timo equal ape) with a right Line, (viz. as CA ſappud 

0 do the Angle BCD) it will cut the oppoſite Side (viz, BD) 
in Proportion to the other two Sides of the Triangle, 6. e. 90 


 Demonttratlon, 


Produce the Side DC, until! 
CZ B; join the Points ZR- 


With a right Line, and draw the 


Line F C parallel to 3 D. F. 
Then will ACZF, be like 3 
to A DCA. | EO 
For LEE LD: at 42 5 
is common to both As, con- 
ſequently, LZ FC C 

and FC—BA . © | 
Therefore SPC): BE=ZC): : 4D: cb. QE jen 


IH 


. "GC PEN 
is TUBOREN Iv 


: 75 two rig ht Lines ¶ tom ſoevder drann) within a Qrcle, do cut each 
other, the "Reflangle made of the Segments Cor Parts) of the 


> I FJ 


are one Line, will be equal to the Reflangle made 5 the Segments 
Dy (or Parts) of the other Line, (35: e. * 
ual hat is, if two Lines, as AB and C D, 4 cut each other in 
: any Poinr, as At x, then will ae Ha D NC. 
5 © Demonttration. 9 
; 85 Iain the Points A C and B D 
BM with right Lines, then will the 
. ACx Abe like to the HBx DD 


| For LB = LC, and 'C A = L D. a 
By Corollary to Theorem * - 23 
And LAx CS LBK D. By Theor. * 0 
Therefore it will be Ax: Dæ :: Cx: 2. By Thins 3 
. Ax * BD N Cx. Q. E. 5 


THEOREM XVI. 


FR * w right 7 Vo are ſo drann within « . as being conti- 
oy ow they will meet in 4 Point out of the Circle Periphery, the 
Reflangle made of one whole Line, and its Part out of the Circle, 
= mull 2 equal to the Rectangle of the any outs 9 and 1 
: Part out of the Circle, (36, 37, e. 3 * 
into " That i is, if the Lines 4 C md 
0% 8 D B be continued unto. the 
D) Point Z; „ 
) Then will AZXCZ=DZxBZ. A: 5 . 
Demonſtration. En no 
1 Dar the Lines AB and cD; oe” PAS 
then will ACZD be like tod D 
the G BZ A, for LA= LD, 1 - 
an! LZ is common to both AA. | Conſequently, 
| ABZ S DCA. By Theorem 4. N . 
1 Therefore HT: BZ: D ; C2. Ergo, arc DZxEZ. : 
| nn 


THEOREM XVII. 


| 07 from any Angle of 4 plain Triangle inſcrib 41 in 4 Circle, ED EE 
. be let 12 5 a Ou * the oppoſite Side; 4s (D P 7 = 
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4 that Perpendicular i in proportion to one of FE Sides inch 


ing the Angle, ſo is the other Side including the =» * the 
Djameter of the Circle. 


Demonſtration. 
feb B C D be the propos'd A. 
From the L at D draw the Dia- 5 i 
meter D A; then will LA= L B, N 


becauſe they both ſtand upon the ſame 
Arch DC, and LDCASHYOO. By e 
Theorem 10. Conſequently : 
LADC=LBDP, By There 4. ß of 
Therefore A D CA is like to the et A | 
A DPB; and therefore, 

DP: DB: DC: DA, Or, DP:DC: : DB: DA. Q E. b 


THEOREM XVII. 


If any Ouadrangle (that is, a Trapezium ) be inſcrib'd wichi 
4 Circle; rhe two oppoſit te Angles taken _ are Fog to tm 
right Angles, viz, 1807. (22. e. 3.) 


That is, in the Ouadrengle-f CD, the L At 0 — AY : 
And the LEP LCD = 180" | | 


Demonſtration. 


„ the two Diagonal; A 2 and 
BD: then will the LB D A= LBCA, 
aud the L BDC= LB AC. By ( 2 
rol. to Theorem 9. N 5 
But LABC + LBCA+ LBAC= 183”. on GAP nn 

By Theorem 4. D = 
And the LBDA + L BDC = = LL AD CG Therefore tie 
LABC + LADCS=i805. 


And by the ſame Way of Arguing it may be pov d, dur 
the e LBCD 185 E. D, 
1 E 0 R EM NIN, 


5 7 in any Cubagk inſcrib'd within a Girde, 1 * A 
two fend as AC and BD, the Rectangle made of the tw 


Diagona s will be equal to ho- the Rellangles made E the oppe 
ue Sides of the Quadrangle. 


That is, ACK BD=ABxCD+AD x BC. 


Demo: 


ne 


lat 


a Tau. | 
— ————. „** 


46 draw the Line 4 , and it 


Cnfcquenty, BC x AD + cD x@ = BD * AC. 


both. And becauſe AC = BD, 


Demonſtration. L 
Make the Arch DG = Arch B 4 and from the Points 


will form the A Af D, like to the 222 
A ABC. For the L AP — 2 Ac 
becauſe. the Arches DG and 30 are e 
eq jual. N 3 
Teak the L c DA= . BCA, he 


cauſe rliey both ſtand upon the Arc h AB. Je \ > 


Conſequently, the . 4 FD= * 4 BC. 


Tuerefore it will be AC: BC: : AD Df. By Theor. 135 
Ergo - — Df. 
3 "AC 


Again, the A BAY, and A AC D, are alike. For LABS. 
40. and LB Af=LCAD, becauſe the Lf AD= TB AC. 
And the L (CA is common to both As. ee 
the C B LA DC. 


| Therefore AC: CD:: AB: B f. By N. 13. 
Ergo 


CD x AF 


—— =Bf. But D f + Bf=BD. 


K E. D 
THEOREM XX. 7 
4 1 Paralle' ograms * whether right or 3 ) ds gad : 


| upon the ſame Baſe, or upon equal Baſes, and betwiæt the jene ww 
TWO, are YO to one ' andther, (35 and 36. 5 


That! is, a} ABCD = * abCD. 


| Demonſtration, | mn 
- flecauſe 4 B = Co Sab, by W | therefor 


Aa =Bd; for B « is common to _ 


A 2. 2. 


and the LA = LB, therefore — 
A ACa= A BDb; and if from „ 
toth As there be taken the A Bra . 

common to both, there will remain 


the Trapexiums 4B , 0 
Per A. 5: © 


C 
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But — AB xC+ A Cx D — ABCD. — 
And Trapezium abaD + 4 CxD=mabcD. 
ne QABCD= = 4bCD. RR. 


mw WM ICC 


| Qrollary: 


Hence it will be al to conceive, that all Fand which 
ſtand upon the ſame 8975 or upon equal Baſes, and betw 
the ſame Parallels, viz. having the Jeme Heighth ) are equal one < 

to another, (37 and 38. e. 1.) 

Por all Triangles are the Halves of their circumſeribing 2 
| rallelograms ; ; and therefore, if the Wholes be equal, thei 
i 3 will alſo be equal, ; 


THEOREM XX. 3 


| Parallelograms (and conſequently Triangles ) which have the 4 
ſame Heighth, have the _ Treas one to anorher as their . 
- * have, (1. e. oy 7 
„ Demonſtration. 
Da AF Parallel to ee CTC | 
draw 4 B, n Perpendicular: , A 8 3 
to them. AS 
"= Then will BD xAB= ABCD. . . 
| And becauſe C D = A, therefore | WM 
DG x AB =5 CDFG. But — * |; 
BD: DG::BDx AB:DGx 4B, 5 PP _ 


And | enemy AABD: 4 CDG: : BD: DG, a, 


THEOREM XXII. . i 
: = Triangle are in Duplicate Ratio to thas if their homolgou Tr 
Sides (19. e. 6) | the 


hat is, The os s of like Triangles ar are in Propurtion one to 
another, as are the Squares of their like Side. 


Demonttration. f 
| Suppoſe the A CD nh 
and A be d to be alike, mn 


and their like Sides to be 4 = 
thoſe mark d with the ſame 
A 


Let 


ES $00 =BB4+ CT = ? 1 
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let A and a be Perpendiculars to 1 two "Baſe D and 4. 


_ i D4=the Garth BCD ; 
14a =the Ares of A b W111 Lemma Page 303. 


be 545 7 * By b. 


0 D: d: 8 

3 14D 1 - *_ 
4x4Dd\5]+ DDda=*DddA_ "A. | 

5, hence | DD : ad : 1 : DA: :+ d. And ſo * other Sides, . 


THEOREM XXIII. 


00 every G led Triangle, (as BCD) the Square of the 
Fide ſind the obtuſe Angle (ar D) is greater than the 
Squares of other a. Sider CB and C) by doable Rectangle 
ae ofa one of the Sides (as B) and the Segment or Part of 
* S d, (as a) until it meet * the e 
(P) le fall 1 it, (12. e. 2) — 


That is DD=BB cc 23. 


Demonttration. 


Fit 1 2 
And 2 CC PPT 
1— 213 DD—CC=2 TBB 


— 6 — 


n 


tw: it's evident, that if the Sides of 4 8 1 
Triangle are given, the Segment Ca) of the ona Fs, d, 
e * CP) may be eaſily found. 


THEOREM IV. 


＋. 4 Perpendicular (as P) be let fall in any rell 5 
mgle, (% BCD) the Square of either of the two Sides (as D) 


u leſs than the Squares of the other Side, and that Side upon 
which the Perpendicular falls (viz. C and B) by a double Reft- 
mngle made of the Side B, and that Segment or Part of i it (vin. 8 
0 dieb lies next to the Side C. (13. e. j 8 


That i, Dc. ü 
1 Demon. 
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Demonttration. 

Firſt 1 „%%% jm iow: 
And 2 Com Pp. by Theo ol . 
But 3E - 4 e by Figure. 27 
3 & 204 BB — 2 Ba + 44 r ee / 
SI BB—2 Ba—ee—aa F 4 

. 26 DD C See —aa 

5, 67 DD -N = BB — 2 Ba 
7 |$IDD-+2Ba=BB+(CC. 


: | Corollary, 


| Hence it follows, that if the Sides of any acute-angled Trian- 


g le be known, the Perpendicular (P) and the Segments of the 
Side whereon it falls, (viz. 4e) may be eafily found, — 


6—— 


„ CHRSaRW © 
be Solution of ſzveral eaſy Pꝛoblems in Plain Gem: 
t, whereby the Learner may (in part ) perceive the Appl 
cation or Uſe of the foregoing Theorem. 


| Nete, When 4 Line, or the Side of any plain Triangle, is an 


; 


way cut into no (or more) Parts, either by 4 perpendicui ar Line 
let tall upon it, or at fern iſe, thoſe Parts are uſually call d Sy: 
menis; and ſo much as one of thoſe Parts is long er than the other, 


ir call d the Difference of the Segments. „„ 
And when any Side of @ Triangle, or any Segment of its Side 

given, it is uſually mark d with a ſmall Line croſs it, thus — 

and tivje Sides, or Parts of Sides, that are ſought, are mark d vith 


©" four Nie oe 

, PNOULLIMY © 

JT ent or divide a given right Line (as S) into extream at 

mean Proportion, (Ii e. 2) i 

Tit is, to divide a' Line ſo, that the Square of the greater 
| Segment ( or Part) a, may be equal to the Rectangle made dd 

the whole Line S, and the leſſer & gment e. © 


Viz i S = d, by the Proll. a | © 
Am z S- Se, for Sache = 


a CP WL — — 


a 
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g= | . 
4 * S5 e ee 8 

: 5 + Sa[6[44 + Sa= SOA 9 

6, Solved| W — 1. See Page 195, 196. 


| Note, The lat Problem cannot be vals anſwer d hy Numbers 7 
but geomervically it may be perform 4 thus, nz 


1. Make a Square, "whole Side is = 5 the given 2 ad 

We one of its Sides in the Mid- | 

dle, as at C; upon the Point * 5 

| defcribe ſach a Semi-circle, as will 

th paſs through the remoteſt Points of 
the e and compleat 1 its Diameter. 


25 Then wil either Part of he” „%% ¾ 
A | Mw: on each End of one Side S, be = = a the greater 
l. Segment ſought. „„ 
= © For 4 ＋ S: 82 5 3 "the Thins 13. 
Ergo aa Dy Sa = 58. - Which was to be dene. 


in -PROBLENK. -- 


< ; The Baſe of any right-angled Triangle, and the Difference * 
_ the 1 and ee, 8 * to our the 5 
Uubetus, Kc. I 


i lad A 7 SLE 

And iz 133 fought. 1 

nee, oo A 

ff to EO” 9 
4-445 U r dd & 2da FFF 

5—dd 6 ada — bb — di | - * 
Ec 6 * 24 714 = — „% 1 of 
Or|81b:4 d +: 24::d:b By 7 Theorem 13. 
S „o —4dd * 244. As —— at the 0 Step. _ 


215 a _Etements . — 


lere you « ior, that either Way raiſes the ſame pr Song 

neither is there any conſtant Method or Road to be obſerv'4 in 
ſ lving Geometrical Problems, but every one makes Uſe of ſuch 
Ways and Theorems as happen to come firſt into > their 12 


. ns ** _ Way the ſame. 


PROBLEM m. 


| The Difference between the Baſe and Hypothensſe of any 1 oh 
| angled Triangle, and the Difference between the Cathetus and 75 
. * 1 "ot — to find rhe OO FEE 


let AE 


And 


1 225 

7 a= we Hen. 
4F— 3 the Preb. 
* e 
D 1 
xx ＋ 2 ＋ 4 t“ N 
dd b+2dx + 2da + 2%a Ae 1 1 
4d 1 Tv E e 


The tn laſt Steps are equal ; by en 1 1. Conſequan 
| if thoſe Things that are equal in both be taken wy, the Re 
; mainders will be equal. y ri © > 


That i is,] 10 |44= 24x = 16c0 

JOw 2 11 a=v ad&X A 3 

1I＋IIII2 d+4a4=72=) The Baſe. ” 

2 +1ij13|x+a=65=e The Cathetws, 
— 2 22 Fe — „ 


9 


— — 


PROBLEM I. 


N Php tense, and the Sum of the other two o Sides of a1 
5 *. t-angied 3 Trims * given, thence to ed the Sides. 


e "Jas . 1 
And 2 . | 


3 = HH = = £24.83 
_— 4 aa + 24e + ee SS ata 8 ns 

4— 31512 2ac = SS HH | 7 
3— 56 4 — 24 T 2HH—SS 


„ . H- 


4a im bo = > Pw... -. 


F gw F 


' 
? 


th, 


1 


8 2 2 942 


Gaps Aae Brobiems, 27 
2 + 7 8 EPI = 5 
S+v 2HH—SS 


OR IN =72: The Boerequird. 


2—9; — 4 5 A wy The cala. 


r 


PROBLEM v. 


Tie Hypothenuſ and the Difference f the other two Si der = 
right-angled Triangle * given, to find the Sides. o any : 


7s I b=097 As before. 
; And | 2 a—emd=7 — 4. ; 
| By Fig. | 3 K er b ; 
 2@ 24 aa — 24e + ee—=dd BE” 2E 
3 — 4 5S[24=hbb—dd RH # _E- 
3T 5] 6 a+ 266 e — —— 
6 w Te = VNA e 
2+7| 8 e, 
32 209 42 72 
Fj pe bor ane 4. . 


"PROBLEM VI. 


1 any y right . Triangle, either the . or Catberns, 3 


the alternate 


Segment of the Hypotkenuſe- ( made by 4 Pere 1 


dicular let fall Few. the gw 2 0 ing given, 70 * te 
whey Segment. | 


11684 The FW 215 3 
© TR The alternate Sg. | 


* * 8 
»* 
. os : 8 


3, bietrete = 5 
4, es. — 
".& Ef ==4 ee By Theor. 11. N 
6 bac = 4 | 

| 7 44 +ba=ce 
3 aa + ba 4bb = $=ec+ l 
9 «+ e N bb 


| ic Lane Til 1 52 And 0 on for e, , Oc 


1 fall 


n 2 2 
— * * 


the Side = b deſcribe ſuch a 


the vemoteſt Points (or Angles) of 
the Parallelogram, compleating its 


was; that is, by making a £ 
80 v»iglt. ang ed Parallelogram 5 : 


| annexed Figwe, 


318 — Elements of Seometty. part Ill 
1 hall now ſhcw the Saures Conftruftion, or - Solariew of of 


1 5 the three Caſes of Quadra: ict eAquations, promis d in Page 202. 
Let the firſt Examole be that above, viz. 44 + ba= cc. Caſe i. 


Make the C efficient h. and the Root of the 8 (which 


- is is here) Cy into 2 rig he- ang led Pa- 


rallelogram, (by Problems 13. Chap. 
2.) and upon the middle Point of 


Semi-circle, as will paſs through 


Diameter, as in the annexed Scheme. Then will either Part of 


the Diameter on each End b, be equal to a, the other Part will 
bea b, and tie Side c will be 2 mean Proportional between 
them. That is a+b:c::c:4 By Theorem 13. 885 
5 quently « aa + ba = Which was to be done. 


PROBLEM vn 
7 ho Difference between the Baſe and Cathetus of any right-angled 


f Tingle, and the Perpendicular let fall from the right Angle 
wp the Fhpuhennſe eg” gion, thence to fond the Hypothe- 


noſe, dc. | | 
Let 1 |4= 15 The Dif. ofthe Sides. . 
e A, ; 
Quere 4 34 The 8 3 F 
1 ee 5 1 5 „ 
Again] 6 dd ＋ ade + 220 =44. By Theorem 11. 
„„ 2de + 200 = 254 EE ” 
8 7 1 Caſe 2. | 
8 (AI glat— pe -E =dd + pp = 1521. 
9 w 210 a—p=vdd+pp=3g e e 
ILA Kg. for e. A + 


10 TP [1 


The Grometrica! ' Conſtrufion of this * 2. vis. OR 
may be perform d in the very = 
ſame Manner as the la# Caſe 


the Co- -eff.cient 27, ard te 


V dd, wiz. d, Cc. as in the 8 5 


Then 


. [1 
VVT EEE — 


„ . "Io ³ĩÜ v... ws TW es ws * 


5 6 


mes. Pam. £. 


— — 


Chap 4. aeg Problems. 225 


Parallelogram be = a, and the l: er Part will be a — 2p. 
: ora:d::d: 4 — 2p. By Theorem 13. 
: Conſequently, aa — 2pa—dd. Which was to be done. 


PROBLEM VIII. 


The Hypathenuſe of any r ight-angled Triangle, and the Perpen- _ 
dicular let fall from the right Angle upon the Hypothenuſe being | 


| given, to find the greater Segment of the ee, &, 
0 - - Let) 


1|h—"75 The e 
And] 2 pP=36 — 
1 3 —.— „„ 
l per Fig 44: p:: 5 p 5 
4 = . 
4 4 1 5 N 
3 — 6 h—&—e 
5 67 — = 
le 1 Xx 48 3 Caſe: % 
e SS OY 
9 Co- 46b=4þþ—pp=110, 5 
10 211 a—th=vibb—pp=10,5 
nod. 12 f a — . =45 Or e=27 


„ 


mi be thus perform d. Draw a 


right Line (of any convenient Length _ —_— 3 my 
at Pleaſure) and near its Middle ee. 

| of a Perpendicular = p, viz. of * r p 
te farce Lengeb with the her of te gee [nk 


Reſolvend. —ç the top Point or up- 1 8 
per End of that Perpendicular, ſer off e 
| half the Length of the Co-efficient, . 9 85 


Line (with the ſame Diſtance) deſcribe a Semi-circle ; then 


will its Diameter h De cut by the Perpendicular p into 1 


Sgments, which are the two Values of the Root a, viz. the 


greater and leſſer Roots, both taken rogether being abvays equal | 


to the Co-rfficient, (vide Page 201.) 
2p For b—a:p::p:a by Theorem 13. 
B25 ba — 44 bh. 9 hich was te be done. 


. PROBLEM 


Then will the greater Part of the Diameter to one ie End of the 


The Gase Confretiion of Caſe 3 3. vis. 42 bb. 


viz. h, and upon the Point where 2 , juſt tou. Bes the firſt 


320 
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. 


PROBLEM IX. 


| The Perimeter (viz. the Sum of all the three Sides of any ROY 


O O0 CES 77 Wo 


\d 
| 
KI 
wy 
— 
O 


angled Triangle, and its Area being given, thence to find each 


a+e+y=1=234 The Sum of the See. 
24 = A The — 2340 | 


a4 + ee = By F N | Pa : 
240=44 | NA 
44 + 2ae +e=y+44 
a+Se—;—y 
44 ＋ 24e +e=0—20 +37 
y+44=s—22+y 
25) =$5— 4A = 45396 

6 —44 


19 en nr. 1 


25 
32 
n. 4 
34 — e VA == 7 ” 
4[20=137 +7=144 
eee The Baſe. 


— The — was . : | 
PRODLENA -- 


EV any — lb Triangle a Perpendicular being let fall 45 


e 


| * right Angle upon the Hypothenuſe, if the Sum of each Seg- 
ment, when added to its adjacent or next Side, be given, thence to 
| find each Side and the Segments. 


«4 Tu=:=108 5 
6 D 72 | e SH | 


— — 9 55 


4, e, u, Ys = 44 5 | . p. = 


4 =15— 214 + 44 | 
n 
* — e 

* — 228 + ee =y 


Viz If | 1 
| And| 2 
To fin i 
13 al 3 
3 & 214 
4 — 44 5 
2 — 6 
6 & 2 2 
72 
„ 8. 5 
By Fig. io 
10 1 
55 11 


12 


X — 22 2 ee pp | 


n 
a:pirpie 5 
4 =fp 

Ae 1 — 24 


12-4 


1 As 


Chap. 4- "of 7 Reliving Se = 5 
| 12 * 4 TT, 
13x 2214] 2. — 


544015 2 4 
16 X 416 . 22.55 — 4. 


$f — 254 


FLY 225 — $854 1 


2 — . 
4 


16 = 17244 2 224 + 4554 — $4 = a 


19 2518] 44 FFT 55 l 


Subſtitute] 19 2x = = 8 24 2*— 25 114 
m lunles 4 + 2X4 =25=7776. 55 
20 CQ 214 24 + XX = Xs + 2 xXx = 11025 


| 21 w 2122 A + VT 105 


22 — * 23A KX: — * 2 „ 
1 — 23124 bo The Baſe, e 


1 


| per 13 | 25] 0'= . N 21 vows 7. 


2— 25 26 J=45= the Cabetzs,. TY 


23+25 3 =75 = the — > — 


oY PROBLEM XI. 
The Difference WW the Sides of any obli ks plain Trian le, 
the Ti Diffs of the Segments of the Baſe, and the Tring, 


— 


2 4 : TY 


between the poo: Side and the ow, Tring gue, to Je =_ 


Baſe „ * „ 
1 FR — the Difference of the Sides -x = 406. 
let N. 2b S the Difference of the Segments - — 466 
3 165 the Differ. of the greater Side and Bake, 
And 44. the leaſt Side. 5 
Then 5|4+a+ x= the Baſe 
And]. 6|d+a+x:d+22: 2 * : 
| | By Theorem 16, _ 4 
ER, . "<P Ah. SPARES 52 
> $1 _ : 8 20a—ba—db+bx—qdd 5 "rep 144 
3 24— 9 —— = = Las = = 375 
I + 9 [to[d+4a=789= the greateſt Side, 
3 T 1011 4+ aFT*= 945 =the Baſe. NED 
8 = "PROBLEM 


1155 of the Segments of ike Baſe, and the 
| the vertical Angle being given, chence to 2 al * on. 


2 
3 
4 
7 
8 
9 


e Er 


——UU—Ü—U—ü ͥ z— — 4 — 
— — = — —_ — — C / ·w m / Ang ns 
e 7 — > _ * — * po oy * 
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PROBLEM XII. 


| Part lll 


T be Difference of the Sides of any plain Triangle; the Differen 


| Let {| 1 18755 Jas before, : 
TT wwe 
4 = the leaſt . 


>. 24 4＋ 20: 4 


bb — dd + 2ba — ade 
|2x=bhb—dd—$1coo 
2 e = ade 


But 11 3 By 8 It, 
| . „ 


iz x Ann 3 5 4. 
44 =-Þ5 bbaa — ddaa * 2xha = __ XX 
8, 135162 + 2b = = ppAd — * 


16 = 2 A as 99 ba = * - 


. 


3 % a+ Var. 


21 [2 =457 
22 1. = A = — ths Bake 


| 10, Num 23 [r= Nhe leſſer Str. 
iT EIS = 750 = the . Side, 3 


Perpendicular let fall from 


17 cl, u = 4 00 12 


— 555 = 225 


PROBLEM XII. 


V Sum of the two Sides of any plain Triangle, the Diff 
7 the 2 of the Bale and the FRO 


> ww 


ler fall from lle 


Verti 


> W111 AL 


— — 


Chap 4 "of Retorving Proviems. | — 2 


| Vertical Angle upon the Baſe, being gon, thence 10 fn the Boſe 
and the Sides. . 


i= 1155 thi fm of the Sides, 
4 — 495 the Difference of the Segments. 
p = 300 the Perpendicular, - | 

a= rhe leaſt Segment, 

e = the leaſt Side, | 
1+ 24 = the Baſe. ©: +: 

— 26 = che Difference of «| of the Sides. 


1% 2a : wud 
atp=e 


wil 
ny 
Q@ 

W 2 — 8 


115 — 


| i 


| 23 


24 


425 


be 


dd + 2da = — 25e 


— 


1 1 y — —, 


VJ T pp De | 
20=1—di—ade 5 * 
2X - dd „„ 
24e = 3 „ 2 


e SS Ad * 
7107 N 


; ( 0 
- * . 


T 


- r 


rr — Ad 12 — 


4 


* 2x1a + A = 5544 + bp 
$544 — ddaa + 2xda= xx — - Pp 
2X44 + 2X. la xx — pp 


„* 


N 


If Oc. as before, 


24=450. 

d + 24= 1 = —ho Baſe 
e=375= the leſſer Si 

j— = = 780 = the greater ; Side. 


PROBLEM XIV. 


Ti Area of any — plain . N ; pu . 


of the Sides, and the Difference of the Segmencs of the Baſe „ 
liven, thence to find the Baſe, &c. 


NE eee | 
rente Is * L = 40% 
a ll 3 b = =495 


eric 


Tt 2 Put 


Elements of Seometry. 


7 


Lhat ve Lhe + . 


S the Per aaa 


a = the Baſe. = FE, 
Y H? _ e 


e 5 
ba — dd + 2de © om pgs 252 82 
ba - dd —= 2de 8 
bbag — 2ddba + dddd = * 


4— 5 


= =% the leſſer Segment of the Boſe, 


abe ll. TR 


N : — 264+ * | 
W S | <a 
— 2ddba + . 15 


—ee 


444. 2 — 2ha +l 
5 


44d 
bas - — 2ddba "Ti * 
44 


6 


1 


3 
— 20a ＋ ba „ 


| N — dda* + d*aa— ddbbaa = 164A 


A 
aue du =D 3 


I = : 
16 4Add 


1 1 TY 
= -ddaa+ Mad one +4 4 


- . Laux. : 


16AAdd __ : 
1 1 47 14 


16AAdd 


= 


— e 


+ en 


— 44 — 


( 


ns ww m NRC, os 


858 . A | : 


III, 


| 150+ cH n= as 


cup. Of Reining Problems. _} 


PROBLEM XV. : 0 
There is an oblique angled plain Triangle, wherein 4 Ne ; 


licular ts let fall from the vertical Angle upon the Baſe, the leaſt 
| Side and the Baſe are given, and the Reflangle of the Difference 


of the Sides into the leaſt Side 1 equal to may Square of the Dif- 
rence of -" Segrnents of the Baſe; Tis requir 4 10 fd the . = 


| ments of the Baſe, Ke. 


— 


2 DEW — the leaf Side. 


Ler | 2 B=92=the Boſe h 
7 72 the [ Difference of the Shes. 
Then SOA che GA 

By Figure & B 20 +: n 1 for B=a +2 26 
** | 29+ I | 
5 Xx 2| 8/20 = 24 

7 — 8 934 — 244 * 

5 & 2 loc d 
N N 


« 
8 N | 7771 


= 12 X ce | 13 . — 444 N 
13 = al 14|ocB— 2cca = 


14 + 2cca| 15] aaa + 2cca —=ciB 


3 15 in Num. | 16 . * 62724 = ws 


The Value of 4, in this 4 may be found as in a the | 


Examples Page 238, viz. by putting r + e= 4, &c.. as n 


tho EAPO, you's will find a 4 — e er 


PROBLEM XVI. 


1 three Chords or Subtenſis of three os compleating T — 
Semcirce being each given, thence to 1 the A of that ns 
Circle. . 8 
Ihat is, any Trapezium being inſerib'd ina Semi-civele, if 1: 
one of its Sides be the Diameter, and the other three Sides be 1 gin; | 


thence to find the Dieweer or forth Side. = 


Part Ill 


A v0 - 


"Elements of fSrometry. - 


N 
CS J. he 4 2 


gonals e and 
ca ＋ bd Sey By Theorem 1 19. 


= the Dia fought. 


— — 


Draw the 110 Dia- | 5 3 


a1—bb=y? 


wo deat By Theorem 10 and 11. 


ccaa ＋ 2bdea o+ bldd = ccyy 


4 — bbaa — ddaa + bad = = ee77. 
a4 — bbaa —4daa —= ccan + > 2bdca 


97 „ + 2d 
4 - 4d ci = lde 
1444 — 504 = 120 


This gustion being ſolved, as in n Example 2, "0 4 


18 44 


11 


oy yon! will fin altar Lam. Kee. COT 


PROBLEM. xvi, 


In any right-angled Triangle, the Arca and the Sits 4 4 
 Hyptbenaſe, when added to eit er Side, being Hm, thence 0 0 fin 
the Sides, Wo VV | 


5 1 


5 r th 


= A= 1350. The Area. 


Pr eni=129 The Sum, *.. 
Quere a, 4, £ and L e 
4e ac=24 : 


| el, Sa 


6, 9, 1 


B’ 


5 


6 5 11 


1 4 11 
ve 
15,in Num, 
The Value of 4 in big 
third Example, Page 44: 
it will be found 


Chap 4. Of Reſolving Pjoblems, 37, 


12, That is|13 


124 


Add = 554 — 


14 - 


that 


— 


| There it an obi 


IZ eee 


17 


we--ngled plain Triangle, 
dicular is let fall fi ci the vertical Angle upon 
f each Segment of the Baſe, when added to 
Side, and the Area of the 
dicular and each Side. 


L +b 


P 
pou 
I + 44 = 


44 
M— a8 =ai4 
I6| 144004 — 444 = 648:co e 
e/<quation, may be found as in the = 
hat is, by making r + e 4, Kc. 


4 2 0. 


22 


2 


244 


1 

2 

3 
44 the Perpendicalar ſo 
5 

6 


= 1599 


7 Quere 55 5 


2je T = 609 


3 AS the Area = 141750 & 
ught, 


PROBLEM XVIII. 55 
wherein 4 Perpen- 
the Baſe, the Sum 
its adjacent or next 
Triangle, are given, to find the Perpen- 


"a - 


oe + 4 . l 
„ 


b === 2 


n = it — 2e ＋ ee 
— =-a 


2 


) ( Having found the Value of 4, . 
Ifrom the 24th Sep, e and 
will be eatily found by theſe 
two Steps, And u b 
Sch and 1 th Step. 


＋ * 


y the 


f the Baſe, rhence 10 Fn the Baſe, Ge. 


OM 
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: : e 
6, | of 20 2 + 27 8 1 | | | , 
Ca Ts OA L — Edd z#4 
20 Xx 2 21 — ww N e 
Ne TA | - 1 
. 2 —.— aa ＋ 355 — 244 = | 


| 


22 X 4 23 K — 4444 + 4 — 444 = 4741 5 = 
235 Num. 24 9200007 — 444 = 243050029 
„ — 4 = 300 found as in the laft Palle, 


— —_— 2 * 


— 44 __ _24 


PROBLEM XIX. 


There is 4 1 ang led Triangle, wherein 4 right Line i bas 1 
ace to the Cathctus ; there is given the Cathetus, that Segment 
of the Hypothenuſe next to the Cathetns, and the 5 pms 


Viz. Let _ . a: : ant 1 
3 2 b * 2 - the Baſe. Quere a 
lere 3 b+ 46:1 1 By Figure. 
my 4 [44 + ee = bb Rs — 5 
i 5 . 5 
3 Ro 5 b+a © 
2 A ccaa 5 5 i 
. 5 bb + 2ba + 4 aa rh . 
4 — 44 7b — aa ee | 
JVC | HIS | 
2 WW + ok — 2 — | * 
; 71.5 WA 2b Fa = hb 4a I | 
Tu 8 an Mido. tha + bbba 1 4- 3 
2 10 2baaa -E ccad -. blaa — hhaa — 2bl le lil 


That 18 $1 I aaa + _ ＋ — — 


— 


"bp a Seien * this Fouris, ler it be RY 


4441 + bang + caa— da =G =40. = 91: 
Pwr Trre=e:: "OI LES: G = = 90009 
4 —+ 4rrre + Ow — 2 

7. rr + 2brre o+ 3bree = baaa ( 
22 2cre & cee = (a4 I =6G= Recos 
| S de = == ds | 


Lit r= = 10 


mt 
1. 


nen 
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+ 1000 5+ 4 oe + 6002 © ns 
Then 15 45002 + 12000e + 120 ee . "=G= 90300 


FIR; ee Ty 


That Ts, is, 1 22888 255 ler = 92909 


Hence it will be 220 22e + 255 Lee =54920 
* 8 63e + ee = SID : 


BY". 
A d 
x. OR 36 63 . 7 
Operation | 8 63) 21,53 Gi Se 
T ©. 
I. Diviſor . 2 . kurt 210 
2 Diviſor =10,7 1 — i re 2,3 
. .. „ 12127 for 


4 1 Operation, which being invold d and multiply 4 into — 


— ae as before, will produce theſe Numbers. 
| + 21435,8881 + 7086,24e + 878, 466 
+ 70862, 4400 + 17569,20e ＋ 1452, coe 


+ 109953, 9100 ＋ 18174, 20e * ee 
| — 108950,0200 — g9000,00e __ 


V 9335242391 + 33829. e = 90 OOO 


Here becauſe 93352, 2381 > 90OOO. Therefore 12,1 % 4, : 
and therefore it muſt be made r —e—4, which will * 165 : 
the ſame Numbers, only all the ſecond Signs muſt be W. = 

Thus, 9335 2,2381 — 33829,64e + Wee == _ gooco | 


from whence will ariſe this Æquation, 


+ 33829, 64e — 3081,46ee = 3352,2281 


| Conſequently, 10, 97846 — ee , 88787332 D 


Operation 10 97840 1,08787332 GE 
„ r 
i, Diviſor 10.83 1 108673 7 Lat r= 12.3 


2, Diviſor 2 0 97% Le = 0,0999 - | 
z Bi: 200085 - 9 1 N 7—e= 12,0001 1 0 5 
. = 


PROBLEM XX. 


In the Ae Triangle CA D, FER P iven the Side 
AD, and the Sum of the Sider AC + CD; 1 5 within the 


Triang! e there ts given the Line AB FONT x to ond Side 
Cd, tence 10 «a rhe Side C 4 Ke. 


"Elements 7 Seometry. Part ill. 
5 | iA p =. 1 e 
Let J 24D S432 N 
EE 2|AB—=b=—=21 | 
And] 4 CA= a ſought 
| Then 5 — 
Suppoſe Iche Line DF. 
W 4B, and CA N to F. 
Then] ACA and ACE P will be alike, 
"SC: Ca: DTC:CF 
But 7 bc v Tes Let AF=e, and be 
on 8|Vtb+aa:a: $4: ate | 
V 
1 * 
8 G. 210. . : 
per Fig. II „ 
IT 412, — 254 = 24e + ee +). 
But|13 dd Ste = UAF OFD. 
12—13]14 Mey e „ 
14, 1516 —1 4e 
16 = 417 —— . 
17 + 4/18 —.—— 3 : 
$344 — 25444 -f 4. 5 
2110 | 
deg 19 "WEE 925 =T 4 +e 
Es wx 210acf 21th 1044264) +4" 3 
18 © 2] eee art 
. Ong 
5 
* _Xx— -. bea AK. | 


WD os 8885 


: — 


"Skis 3 1350 brought out of che frau, anti into 


| N um bers, W ill become, | | 
— 20184444 + 1 25429444 = — 246 423,26 + 254683074 


= 2741$3922,25 


which being divi led by x13, the 


ce hun of the higheſt 


Power of 4 will 


| be 


A. . . 2 1 1 


55 


” T > ed eee VR Oy A 
Then will 175 
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+ —4* + 62 11456 2 — 1221 125 aa * 17575,9697 a= 

= 135869, 138375, Ke 

And from hence the Value of 4 may he found, as in the m 
Problem, due Regard being had to the Signs of every Term. 


This Work of — or preparing e/Equations for a 8 
tion by Diviſſan, hath always been taught both by Ancient and 
Modern Writers of Algebra, as a Work fo neceſſiry to be done, 


that they do not ſo much as give 2 TIO at the Solar ion of any | 
adfefled eAEquation without it. | | 


Now it very often happens, chat it in dividing al the Terms 
of aneA9uation, ſome of their Quotients will not only run into 


a long Series, but alſo into imperfect Fractians, (as in this 
Ir above) which renders the Sl ion both tedious and 


MW inperfeit. 2 
8 remedy this Weft 1 ſhall here ſhrew His this + 


e/Aquation (and conſequently any on). may be _ with- 9 
| out ſuch Diviſion or Reduction. x 


let b= 2018. c 2 125409. . . 
| Fm = 35468307. AndG = 27418392225 
hben the precedent +AEquation will rand thus, 
| —bataa cu du f= 
Put y Te S 4 as before. 


er zerre * zeree = ＋ ca ( 


br — he = dee e =O 


| + & + fe „ * —=+ fa , - 
This is ls and eaſily conceiv ws; "a next Thing will de, . 
how to eſtimate the firſt Value of ; "and to perform that, let 


G be divided by b, only fo far as to derermine how many ws 


Places of whole an. there will be in the Quotient 3  Coll- - 
ſequently, how many Points there muſt be 3 ro the | 


- ** of the Equation, 3 


- Thus b= — = 2018) G C 8 274183922,25 (i; 


2018 


— — 


7238 &, 


Nw foo N one may as eaſily EY at the Value * 8 
28 if all the Terms had been divided. That is, I ſuppoſe Slo, Tp. 


which 2 in volv d, &c, as the Let ters above direct, will be - 


Vu 2 5 — 201800 


Part Ill. | 


2 
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— 20180000 — 80722coe— 12108 5 0 


＋ 1254929999 ＋ 37622700 + 3762 οę,ẽf, 8 
— 246423025 — 492846056 — 2464230, 25e ( 
435458307 + 354633070 2 

Vix. 213489245 ＋ 57344026 Þ 87239, 5ee = 2741839 &. 

| Hence! $7.3-4402e — 87239% 8 ce 6069187, 25 | in, 

| Cmpequently, 180 3. + ee =63572=D 


Operation 80, z) 655,72 (37 =e 5 
3j 8 
1. Diviſor = 183 146,72 Firſt = 10 


2. Diviſur = 184.0 12855. Ter 3, 


„„ oe ao t ee =ce for * 
a a ſecond Opera ion, with which you may proceed, as in the 
laſi Problem, and fo on to a third Operation, if Occaſion te- 
quire ſuch Exactneſs. But this may be ſufficient to ſhew the 
Methed of reſolving any aafected Aqua ion, without reducing 


it; which is not only very exact, but alſo very ready in Pra- 


com pot d or made up of Squares, either greater or leſs, according 


ctice, as will fully appear in the laſt Chapter of this Part, con- 
cerning the Periphery and Area of the Circle, &c. wherein you 
will find a farther Improvement in the Numerical Solution of 


tigh eAquations than hath hitherto been publiſh'l, —@ | 1 


 P-aJical Pꝛoblems and Rules for finding the Super: 
 ficial Contents or Area's of r7ght-lin'd Figures. | 
 TEfore I proceed to the following Problems, it may be col. 
II yentent to acquaint the Learncr, Thar the Superficies ot 
Area of any Figure, whether it be 7ight-lin'd or circular, is 


en TR he Oy TOE TR 


5-46 Ms: 


to the different Meaſures by whi h the Dimenſiuns of the Figure 
are taken ar meaſurd. e e 
hat is, if the Dimenſns are taken in Inches, the Area will pt 
de compas d of ſquare Inches; if the Dimenſuns are taken in 1 
Feet, the Area will be compos d of ſquare Feet ; it in Tards, the 5 
Area will be ſquare Yards; and if the Dimenſions are taken b) th 
Piles or Perches, Cas in Surveying of Land, &c.) then the A il | 
will be ſquare Perches, &c. Theſe Things being wane 
| £6 | 1 — oy 


| ny the O finirion⸗ in the 283 and 234 Pages well conſider, 5 
| nil help to render the following Rules very eaſy. 


PROBLEM 1 


B ft 7 e ſuperficial Content or Ares of @ Squar e, 7 of a | 


W Parallelogram. = 


Rule 20 the Length into its Breadth, and * Produtt | 


will be the Area requir d. * emma 1. 5 RY 
" Example, Suppoſe the Line A B= 


Yards, and the Brea itb A 10 os 97 Bo F ET | 
„Then AB x HC = 4 * 3 fo . 5 — s 
| will be the Number of ſquore Tarde 7 [——{ i 
contaun'd in the Area of the Paratie- ch e e 2 | 
logram ABCD. 5 . . 
8 his is ſo evident by the Figure culy, that it needs 1 no De- = 
monſration. . 8 


PROBLEM 


| Ty find the Area of any oblique=an 5 2 3 viz, cither of | 


= Rhombus. or homboldes. 5 


| zul: 2 3 the Length into its per REY "RF Height, 1 Go or 8 


Breadth) and the Froduct will be the Area requir d. 


That is, the Side ABx BP= the Area of the 2 „„ 
AB CD. For if BP be drawn TT. „ 
pendicular to C D, and AG be made * . B . 

parallel to BP, then will GC Nd Co 


and G P CD. Conſequently ACC | 

=ABP-D, and = ABGP= Abo bus 

45 CD. N „ 
But ABxXBP=—ABGP. There- 


fre ABX BP, or CDXBP = the 
crea of the Rlombus ABCD. ON. 


E Suppoſ. the Side ” 5 23 - Tnches: * the "FE | 
pendicular B p = 17,5 Inches, ( being the ſhorteſ? or neareſt Di- 
ſtance between the two Sides AB and (D.) 5 

Then AB NBP 23 * 17.5 402,5 ſquare Inches, being 3 
the Area of the Rhonbus requird. 5 

The like may be done for any Rbombuides, whoſe Lengih and 


PROBLEM | 


Perpendicular Breadth are given, 


Chap —— Praflical Rules about Areas, de 333 
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| : 


N | PROBLEM III. 5 28 
To fond the fuperficial Content or Area o any las - Triangi, 1 


Every olein Triangle i is equa! to half its  circumſeribing Pard. 
oh at (41. e. 1.) which affords the following Rule, 


Multiply the Baſe of the given Triangle into balf in 


4 

5 oh 15 I, 
Rule Lee Height, or half the Baſe into the zl A 
, Perpendicuſ ar, and the Product will be the Area. ; 
c 

t 


5 That ! 1s, BD * 2 S CP or 2 BD * CP= Ain of A BCD 
"eb = BP, AB = CP. | ES 
eie tas, A4......C_F. 
therefore A ABC AB CP. 
5 And for the like Reaſons — (F : VV 
Therefore A , os - 
_=+m ABCD. Conſequently + BD * CP, or r BDX {Cp 
8 will be the Area of the Fa) SUD 


El!eample, Suppoſe the Baſe BD = 32 Incher, and the pr 
= pendicular Height CP = 14 Inches. 120 

en BY x CP=16 x 14 = = OrBDx4 LCP 

=} 32.X 7 224. 

| "Or thus, 32 x 14 == = = 44% Then 5 2) 40 (224 = = - the re 

| of the Triangle 30 D in ſquare Inches. . 


' PROB L E * W. 
"Th: ind the befke, or Area of any Trapezium. 


| EE TOS TIE GER Io © = Yo 51 


Firſt, dit vide the given — into two Triangles, by 
= drawing 2 Diagonal from one of its acute Angles to the oppo- 
ſite Angle ; and Jet fall two Perpendiculars ( from the other tm 
- ages) upon the Diagonal, as in the following Figure. Then 


AMultiply half the Diagonal into the Sum of the two Per- 
Rule pendiculart, or falf the Sum of the Perpendiculars int 
_ Crhe Diagenal, and the Product will be the Aren. 
hat is. FACXBP+ED. ene 5E D= = Aru 
of tae Trapeziums ABCD. 


Dor the & ABC is half its circumſeribing 8 
: And the A ACD is alſo half cf its creme bing Pardis 
gram a8 hat! been prov'd at the laſt Problem. 


Conſequent, 


will be the Area + the Trapezium, | 


Py = "of Paten Rules a Ion Ated g, Kc. * 


Conſeq ah, BP+EDX} dc, or EDA 
as above. : 


Example, Suppoſe the Diagonal 1 


Ac = 33 Feet, the Perpendicu—- A 5 
Ji BP=15 Feet, and the Per- 


pendicular E D = 14 Feet. Then 8 e 


2p + ED = 29 Mo, ant 


BP+EDX$AC=29% _. 5 
2 478,5. Or AC Xx 237 + b = r= 476. 
Or thus, 29 X 33 = 957. Then 2) 957 (478,5 = of 


5 | _ Products are rhe Area of the Trapezium A B . 


a Pentagon, eragon. peptagon. 


That \ OH BD4DELEF+I6+ GH HK KA,, 


PROBLEM Vs. 


7 end the fark Content or Area f a ile Pagin - 


or many ſided Figure, which by ſome 
Authors is call d a Triangulate, becauſe 
(4s 1 ſuppoſe) it muſt be divided imo / 
Triangles, as in the e Figwe 4 C | 
ABCDEFG; by which it is erident, .. 


that the Sum of the Area's of all thoſe - = 


Triangles, found as in the laſt Pro- ” — 


| biem, &c. will be the Area ot their 1 : 
| 9 Polygon. 5 


33 
erficie or Area of any regular 18 viz. of any 


To find th Sup 


Maltip! 5 half the Sum of i its Sides into the Ra- 


Radius into the Sum of the Sides, and the Pro- ” 
duct will be the Area requir d. | 


Oral Rule 0 dius of the inſcrib'd Circle, or half the ſaid 


c 


= the = of the annex'd Oftagen ; wherein it is evident, 
that its Area is compos'd of ſo many equal 1ſoſceles Triangles 8 
as there are Number of Sides in the Polygon, viz. of eight Iſo- 
ſeeles Triangles, whoſe Baſes are the Sides of the Octagon, v12. 


ABS BD DE, &c. And the Sides of thoſe Triangles, 


C4, CB, CD, &c. are the Radius of the circum ſcribing 

Gr.le ; and their ps Highs, 1 viz, Q P, is the lin 

of the fel 4 Cire P : 
ut | 


fagon, Se-- 


HER: = 
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But the Area of any one of thoſe Triangles is 24B * (C2, p. 
By Problem 3. Conſequently 
the Sum of all their Areas will 
te, CP into haf the Sum of 
all their Baſes, as above. e 
I mis being equally evident 1 n- 5 

all regular Polygons whatſoe ver, * 
makes the Rule general for 
finding their Area 1. . 

Nou becauſe it is requir dd gle” 

to have the Radius of the pro- ä 

pos d Polygon :s inſcrib d Circle, 3 £ 5 ge 
I ſhall here inſert (and demon- 2 PB 
trate) the Proportions that are 
between the Sides of ſeveral regular Abs and the Rading 6 
both of their inſcrib d and circumſcribing Circles; the one wil 
help to deliniate or project the Polygon, (if e it ) 
and the other will help to find its Ares. 


And Firſt, Of an Equilateral Triangle, _ 


The Side of any Equilateral plain Triangle is in Proportion ON | 
the Radius of | 
= F Circumbſcriting circle, As I: Yo 0,57735027 Kc. 

LInſcrib d CArcle, As 1 : To o, 28867513 &e. 
And to its ee eis! t, As 1 : To 0866025 &, 
That is, J 8 CEE let | 
That i 2 TAI: CG: 81 0,2886713 = 2 
And AB: A :1:0,86602545 - OR 7 


| Demonfration. 


Let AB = =BD=1 _ 
Then will BG =GD=25.5 ä 
But N AB — 0 BG = . Bull : Fe 
| By Theorem . 5 85 7 > 
That is, 1 — 0725 = 0 — 46. os ot 
Conſequently, V<,75= 086602540 = AG: _ 
Ihen 46: AB: W 8 By N 3 
That is, o 8660254 : 1,1547c054 Kc. — AH _ 
Then UH=0,57735027 = = AC Again, AG: DG:: DG: C0 
Thar is, 0,8660254.: 9,5 : : 0,5 : 0,28867513 =CG. Q. E. D. 


"Now: by the Help of the firſt of theſe Proportions, it will be 
ealy to reſolve the following Fre 3 
PROBLEV 


1 
# 
* 
g 
U 
#1 
© 
4 
. 
23 £7 
jo 


" 


5 


Nt. Þ 
* 55 3 


=BP. By Theorem 13. 5 
Then AP (= £ CA) x BP = the Area Ht ” 


. the Area in ſquare Inches. 


EE refulved, __ 


will be equal to one another. Then 


Chap: 5 * E Barer Wales n "Area 8. 5 c. 7 


PROBLEM VII. 


The Side of any Equilatera plain he bin given, 10 fn 2 i 
its Area. 


B Suppoſe the Side of thi propos” 'd Triangle 4 B 0 9 5 
to be 25 Inches, viz. AB=BC=CA=25 i 
Firſt 1,8660254 :: AB=25:21 650635 


of A ABC By Kale to Problem 32 T 
That is,12,5X21, 650635= 2706329 | / : 


Or this Problem may be otherwiſe Cy - a 
Let b A AC "Than 3 2 „ 


But oO AB — n 5 = BP. By . TA 


That is, qþb—bb = 3bb = — U BP. Conſequently, y 3bb = BD. 


Then 7 3bb = BP * + AC. *. V3 zbbbb — the Area of the 5 
: Triangh. e by 5 


. For a Pentagon. N 


Tre Su, le of any regular Pentay Lon, is in . ap 70 the Radius of 


Circumſcribing Circle, As 1: To .0,85065c80 &c. 


VInſcrib d Circle, As 1 : To c,68819096 &c, 
And to le 1 As 1: : To 35008 4179 Kc. 


we} AC::1:0 85065080 . 


AB 2 0810 % Let 
AB: :: : 1,53854176 N 
Demonſtration. 5 
Let AF = x. Aud draw the 


Diagonals A D, 4 y and DG, which 


vill AG x DF-+ ADXGF=AFx DG | | 9 
by Theorem 19. | 
Confequently, AGxDF=AFx DG: 4 Gr. 
That is, on AB AD : —AD xGF=1 1 
Hence it will be AD = 1 61803388 5 
Then g AD— DH NA By Theor, 1 f. But DH= 1.48 


Therefore v 0 AD — OAB=AH= 1,53884176 
Again, 4 H: AD:: AD: AX= 240. Fer & A AHD 
and A S E alike, Sg „ 

OT nr, 15 5 Ergo 
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mn 


Ergo 0 25 2 1 0130165 ia AC=0850650h 
But AH—AC=CH = 0,688 19095 &c. QED 
"ITO hence 1 it will be eaſy to reſotve the . Problem, 


PROBLEM VIII. 


The Side if any regular Pencagon being given, to Gd i its Su 


| Eran le, Suppoſe the given Side to be 15 Inches Jong, then 

it will be, as 1: 153884175: : 15 : 22,0826 264 the per 

peudicular Hei $a, ; and by the 2 Rule 22 e * > 
— Je oft 959 the Area 8 * 


Tbir dl, For an Odagon. 


: The Side i any 8 Octagon is in Proportion to the Rain g q 
218 Circle, As 1: To 1, 30656296 Cc. 


5 Inſcrib d Circle, Eo: e Os. 1 
N Vi. A: CA:: 55 s 8 5 


BA: P:: 1: 1, 2071 967 


' Demonſtration. gee” 
Draw the right Line D B, 0 F 
from the Point let fall the VV N. : 
1 B * upon the Diameter — 3 


55 ” Then will A DB Aand A DxB 0s 
be _ By Theorems 10 and 12. 


Fb= S4=1; a=CA 
I =D3 — 3-7 = B 


Then] 1|24:b::ety Viz DA: BA: : DB: : Bu 


124 | 
2 — 2 =D 


1 
1 & wt 18 D on. 
5 But 4 | * — Ys ; 


; That is:  IoaDA—oODBR= o BA. By Tharem 11 
4 * bh 5 | 46644 — 4aayy = bbbb „ | 

[Si = . For Cx = Bx 

ne enn CB = 


„ tw £5 COWS A {1 © 4i 


„ 


Fe, 


Let Fb= —BA=1.4a4=CA 


| Thar is, | DA: BA: DB: Br ö 


15 1 geb. 8 + 
an AS} PET 


a Ec "of Patte Rules « about Aren 8, Kc. 339 


BE 6|7 7 abbaa—24* gb. Or . . 
2 


804444. — 2b bas = — 1þ4 


3 © 9 2% +b* =b* — 1 ll“ 
9% 2110 aa — bb VA | 
10 -+bbJH aa bb ib. 
| (rw 2[12]4=v: * ab t 1 FRY ES 7 
Then 1342 — Abb CP. Vin CH—OHE=oce 
| ww 2 il Vi—D= 120710678, Kc. =CP._ a 


PROBLEM N. 


Je Side of any regu ar Octagon being given, to find i its 4 „ 
Example, Suppoſe the 255 . to be 12 Inches long; Firſt, 


As 1 : 1,20710678 : : 14,48528136 = the ius of 


its inſcrib d Circle, Then 12 * 4 2 48 is half the Sum " 


its“ . d 48 x ene = 69569935 the Area re- 
qu d. | 


Feamrthly, F or a Decagon. 


Tie Side of any regular Decagon, (viz, a Polygon of ew equ al : = 5 1 


Sides) win Proportion to the Radius of 
 Circumer ibing _ 1 =  1,61803398 Kc. 
An Circle As 1 N Kc. 5 

Vis BA:CA::1:1 4 Fg 
wo ” I QIs 183884166 


Demonttration. 5 


Le DB. ie fo Fe 


—— 


Then 124: b: 


F ye: . See Pentagon. 
. „„ be 5 
1561788 3358 " WS 
18 55 
aa — 4bb = UCP. 
Vis. wee By Thew. 11. 


2 „55e a=s 1930846908 CP..: 


From henc ce it will be eaſy to find the Ares of: any onen. os 


P__ 2 — 6 


2 PROBLEM 


EXD > — — — pf A 
. — — * 
aqui — — — — —— — 3 


—— 


— —Uñ—ä—ä 


ö 
' 
| 
| 
} 
| 
N 
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PROBLEM X. . 
The Side of an) regular Decagon being given, to find its Area. 


| Example, Let the given Side be 14 1 long : "Than | 
As 1: 163884176 :: 14: 21, 543784 = — the Radius of the 

inſcrib d Girele. And I4X5 =7918 half the Sum of its Sides. 
Laftly, 21,543704 NJ0=1 508.0688 the Area __ d. 


Fifth, For a Dodecagon. 


85 The Side 07 any regular Dodecagon, (viz, 4 P olygon of twelve 


1 equal Sides) is in Prop portion to the Radius of 
ef Grete, 2 : To 193185165 Kc. 
Tae, 16 W N Ke. : 


Pie BA:CA::1: a. 


BA:CP::1: e 
' Demonſtration. 


. Let 1 BA = l. a = CAas belive” 5 . TH 
: Aude . Then 4— e = Cx. 7 


„ LBy Pn. - = 
5 " , Bx = {CA ta 
2 2310 Bx = fa 2 
„ 3 4jbb—jaa=ee 
41 2 I . 
Again] 64⁴ — 444 C 44 — 24e ＋ ee 


ö Viz 3 CB — ABR = cx. 


555 22 UU N — 1 24e . 
4 e 24 vb — 1 See — 24. 


an — 144 = aa + bb — 444 — 24 ae 


ge. 1022 — 4 = U 
10 G. 211 gbbaa— 4444 = = 


11 11214444 — gbbaa= —b* 
13 CO: i e + 45 3 * 
1 w 21444 — 2b 3 2 258575 
14 + ee 3 308 0%/⅛h 
15 w 2 16 . 7320508375 = 1.93185 165 =CA _ 
Again 1744 — bb = QCP. Viz. CF OPF= wits 


f Hence lis C N 1, 86632012 Wa da 


. AA 
— — 


Chap. 6. O the Circle'sPeriphery, 8c. 2 
e 


Hence, if the Side of any regular Dodecagen be given, . 
Radius of its inſcrib d Circ e may be eaſily obtain d, and thence 


- J the Area found, as in the laſt Problem. : 5 5 


19 >» 


The Work of the foregoing Polygons being well conſi der d, 


will help the young Geometer to raiſe the like Proportions for 


others, if his Curioſity or Occaſion requires them: And not 


only ſo, but they will alſo help to form a true Idea of a Circle's 5 5 
Ptriphery and Area, according to the Method which I ſhall 
lay down in the next Chapter for finding them both. e 


—— 


95 CHAP TL ” 


| A new and eaſy Method of finding the Circle's Periphery 5 


and Area, to any aſign d Exadtneſs (or Number of Fi- 


 gures) by one Æquation only. Alſo a new and facile Way 
| of making natural Sines and Tangente. 


1. ET 5 ſuppoſe ¶ what is very eaſy to conceive) the Circles 


Area to be compos d or made up of a vaſt Number of plain 
Iloſceles Triangles, having their acuteſt Angles all meeting in 
the Circle's Center: And let us imagine the Baſes of thoſe Tri- 
angles ſo very ſmall, that their Sides and their perpendicular 
Heights, viz, the Radius of their circumſcribd and inſcribd 
Circles, (vide Problem 6.) may become fo very near in Length 


to each other, as that they may be taken one for another, with- 
| out any ſen ſible Error. Then will the Peripheries of their cir- 


cmſcribing and inſcrib'd Circles become ( although not co-inci- 
dent, yet) ſo very near to each other, as that either of them 
may be indifferently taken for one an the ſame Circle, 
But how to find out the Sides of a Polygon (viz. the Baſes of 
thoſe Iſoſceles Triangles ) to ſuch a convenient Smallneſs, as ma 
be neceſſary to determine and ſettle the Proportion betwixt a Cir- 
cles Diameter and its Periphery, (to any aſſign'd Exattneſs ) hal 
hitherto been a Work which requir'd great Care and mucli 
Time in its Performance, as may eaſily be conceiv'd from the 
Nature of the Method uſed by all thoſe who have made any con- 
ſiderable Progreſs in it, viz. Archimedes, Snellius, Hugenius. 
Mer ius, Van Culen, &, Theſe proceeded with the liſccling of 
ß 8 = © 


Wl 
4 ; 
1 
F 


—— * 


. x * 2 oo 
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* 


an th; and found the Value of its Chord to a convenien 
Number of Figures at every fingle Biſecti0n, repeating their 
: Opera: ions until they had approach'd to the Chord deſign d. 


And this Method is made Choice of by the learned Dr. Wallis, 


in his Treatiſe of Algebra; wherein, after he hath given ys 
large Account of the different Enquiries made by ſeveral (ver 
eminent in Mathematical Sciences) in order to find out ſome 
eaſier and more expeditious Way of approaching to the Circles 

Peripher), as in Chap. 82, 84, 85, 86, and ſeveral other laces 
he comes to this Reſult, (Page 321. = 


c *Tis true, (ſaith ke) we might 1 in like 83 proceed by 


dc continual Trilection, QuinquiſcRion, or other Section, if 
 < we had for theſe as convenient Methods of Operation ay 
| © we have for Biſection: But becauſe Euclid thews how 90 
© biſect an Arch geometrically, but not to triſect, Cc. and 
the one may be done ( Algebraically) by reſolving 2 Qu 


„ dratick Xquation ; bur not thoſe other, without Equations 
c 


A 


of a higher Compoſition, 1 therefore make Choice of a Colt 


| No tinual Biſection, &c. 


And then he lays down theſe following Canons. 


The Subtenſe . 3 into 6 
—_— 5 73 into 12 
e „„ nv: 2+v3|&, 2 

"A 55 1. Vigruviedvieryyh].:& 

E of | 4 12 EE :2+v: 2+v: 2 9% = 1 00 
Kc. 5 V: — 2+vV:2+vi2+- SE -:- 100 

Via -v: 2＋ V. 2A Vu 2 TV. 24 v: 2+v3] 3% 

JV. * (TITTY: 2+v: 2+rV:2+v:2+tv3l 76 


Kc. A, 


How ls and Joc 757 tl e Work of theſe complicated Ex. 


tractiont is I leave to the Conſideration of thoſr, who ether bare 


tad Experience rherctn, or ont if Curioſny wil give ic themſelves the 
Trouble o- making Til, 

Again, in Page 347, the Diclur i itiſerts 3 parti uler Method 
propos d by Libnitizes, publith d in the A Eraditorum at Lip 


ict, for the Month of February 1682, in order to find tit 
Circle's Area, and confequen: Dy Its W iphery, winch is this! 


As l: To e eee ee „ 


infinitely:: So i the Square of the 8 to the Geck 


wake” Bur this convergethj ſo very flowly, that it is not worth 


e Iime to purſue it. 
1 thall here propoſe a new Method of my own, whereby th 


Cirele $ oy Cand Ry it Area) may be obtained 


infinite) 


r 


VVV 


triſected, it will be 
Aren 
Let LE —= AD=rL 


Th n 12: 4 1 
e N : Be 


7 = 
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| - finitely near the Truth, with much greater Faſe and Eppelli TD 


tion, than either that of Bi ection, or that of Libnitius, as above, 
or any other Method that have yet ſcen, it being perform d by 
reſolving only one equation, deduc'd by an eaſy Proceſ; from 


| the Property of a Circle, ¶ known io every Cooper) which is this. 


The Radius of every Circle is equal to the Chord of one ith 


Part of its Periphery, . 
That is, AD=DH—HG, the Chords of LY part of che 


Semi- circle, are each equal to Ro 
AF its Radinge. 
Then if the PE 4A D de 


AB=BZ=ZD. 


9 — 


And] 2E 411 K. 2 MG 


mei, 3 FB: BZ::Feren=AD—26 
For] JA AFB, and AB Ae, are alike. 


— AB Aera, 5 
4 „ Kc. 6 3 3 That is. 15 „ 
| | [Here a= the ny of 8 Part of the Grade. | 
8 For 2 — 7 e — FE 


Net, To — the 4 TY A B. 


$ I 3 omg? Sa the laſt Chord. 

LE red end = 

I Xx 3| 3 [99 370 9 : 1 * 1 
3 — 2 4% — 300% F271) 9g Ty =34=4'=l 
EH 1 | — 7 = the Chord of. 5 "Part ot the Grcle. . 


" Again, To 1riſet "Y Arch, wheres y y is " Chard, 


let F 5 
C- 3 2 274 — 274 + 94” — * 


. 5 310. + 2 ee eee — 
1 


— N 
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3 21874" — 81034 + 51034" '— 28350" + 
S. 7 1 + 945 =F | 
1 f py — 1968 340 — 590494" | * W = 
e by 5 — 612364'f =)* 
I * 96 274 — 9. =9) . 
2 K 35| 7810 810 + 270 — 30a 309% 
„ „ 656 — 10935 33333 
. 27 805 IT gone” == 276" = 275" 5 
33 196834" — 459274? + 459274" — 
i Th {Hs 2951587 + $5050” =99* 
6 — 7 | (274—8194'+73714'— 30888 +2 
| +8—9? 100) + 729304! — 1074964" + r 
75 + s | : —+ 1046524 ne 697 682 . 
e . Here #= the Chord ot At: Part of the Circle, 


. 


. e on in this Method of vba rriſefing the l 

| | of every new Ford, and ſtill connecting the produc d e Equation; 

into one, as in the two laſt Triſectiams, it will not be difficult to 
| obtain the Chord of any aſſign d Arch, how ſmall ſoever it be. 

Nou, in order to faeilitate the Work of raifing theſe _ 
o add 


tion: to any conſiderable Height, it will be convenient t 


5 5 few uſefu] Obſervations concerning the Nature, and of ſuch 
Contractions as may be ſafely made in them:; "which, being 


well underſtood, wall render the Work very 440%. 


I. I have ol ſerv d that every Triſection will gain or advance on 

Figure in the Circles Periphery, but no more. Therefore ſo man) 

Places of Figures 4s are at firſt deſign'd to be perfect in the Peri 

' phery, ſo many Triſeftions muſt be repeated to raiſe an eEquaia, 
Ou will produce a Cord anſwerable to that Deſign. 


. 1 have alſo found, that all the ſuperiour Powers ( of a) whiſe 

er are greater than the Number of Triſections, (viz, whoſe In 
 dices are greater than the Number LY deſh, 2nd Tigwe 9 may K 
voll rejected as ini gnificant. 


3. When once the Number of Triſections, and thence the bighe 


Peiner (of a) determin d, the third Proceſs (viz. the third Tre 
ſeeltion) may be made 4 fn d or 4 conſtant Canon; for by it, and 


/Aultiplication only, ail the ſucceeding Triſeftions (how many fe 
ever they are) may be ee without repeming the ſever 
Involut ions. 


e rai/mg at 1 FA Coefficients of * ſeveral pu- 
ers, Gf a) it ni. be Fan to retain 15 Jo many eker 
| 5 
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figures (at 4) as there is deſign d to be Places of Figures in the 
Periphery ; (or at moſt but two more) and every ſucceeding ſuper iour 
Power may be allowed to decreaſe two Places of ſig nificant Figures. 
Bu herein great Care muſt be taken ro fupply the Places of thoſe 
Figwes that are omitted with Opbers. that ſo the whole and cxaft 
Number of Places may be truly adjuſted, othermiſe a'l the Work will 
| be erroneoms. . De JC 
7 Now the Number of thoſe ſupplying Cyphers may be very conde- 
| gently denoted by Figures placd within a Parentheſis ; this 
376 (8) 4', may ſignify 57600000009 4*, as in the following 
qua: ions. The like may be done with decimal Parts, ths, 
| (,7) 658 may ſignify 0000200658 & mhich will be found very 
1 WW ſclul in the Solution of theſe, and the lie A quation , 


— | #1 


The aforeſaid Contraftons may be ſafely made, becauſe both 
the ſuperiour Powers of 4. which are rejected; as alſo thoſe 
ro MW Numbers that are omitted in the Co-efficients (and ſupblied with 
om MW 5 /ert) would produce Figures ſo very remote from —_ 
as chat they would not aff-& the Chord deſign d. Thar is, they 

. would not affect the Chord in that Place wherein the deſjgn'd 4 
14. 2 is concern d, as will in part appear in the following 
o !! 8 

1 If theſe Directions be carefully minded, it will be eaſy to 
ing iſe an «Equation that will produce the Side of a regular Poly- 
gon, whoſe Number of Sides ſhall be vaſtly numeruut, conſe- 
vently infinitely ſmall. But I preſume it will be tufficient 
's an Example, to find the Side of a Polygon conſiſting of 
an) 25828 326 equal Sides; that is, if I findthe Chord of r 


SF © 4 4 


in, WF ſeftions, which being order d as before directed will produce _ 


+769837653199714(20)a'—3491218532841(35)” 
1 +5453331143(57)4! — 237083380 % 


ere the Value of 4 will have 23 Places of Figares true; 
% bat is, rhe Sides of the inſcrib'd and circumſeriv'd Pohgont 
will be exactly the ſame to 23 Places of decimal Parts, but not 
father: all which may be eafi.y obtain d at tuo Operations. 
And for the firſt, it will be ſufficient to take only three Ter 
of the e/Equation - which will admit of being yer farthes - 


added 
, dun 1 


l. , 430467214 — 322360179486963612 (4) 4 
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430467214 — 3323601794(12)a 
Let « {4 70983765(27)s % 321 


And let r e 4. Then rejecting all the Powers of 05 that 


5 ariſe by Involution above. eee, | 
it will be yr + grre-+ 3ree + ere S 44 
And * +5rie-+1orice + torreee 4. 
Then the firſt ſingle Value of r may be thus ms 
43046721) 1,00000000 (,com0c002=r 
This. ,00000002=7 being duly involv d, . its Powers 
- wiultiply'd into their rejpeftive 9 will produce a 


_ +,86093442F+4394672re 


—. 0265888 1— 39883221994 1600) 33240 18)eee * 


2488524635 T＋ 61589. er. 288018 eee 
_ v12,83459196-+ 39119 9866— 1932570 9 e301 8018 TN 


Hiente 3 9119986 — 1932570630 16018) eee S, 16540804 


All the Terms of this laſt : Æquation being divided by I 932570 
the Co-efficient of ee, it will become 
e eee 1560 5 Yeee—0000000000000008 5 58966= 
dal Tn DN. 156 (5) eee 
* * | mans ate 


GE Operation, 


/ 4002090202 4 ) „ 5 78 568 1 
io ==,50000000433 ;+09000000000000000099B4 = 156(5 eee 


1 Di. ,00000019%). ,9900000020926008563g52 ( eee 


NY N W | | | 792 
| 64 
| Ts =: = WOE - 
1 Firſt S 500000002. ED, be 3962 
5 + e = 090000004 t Os = ej „ 
Pe — e= EEOC 27.95 Or rather N Ew 1 for a ſecond 
| e x | % oth 


Nw if this firs Value 1 — cocoo24327 nere not car 
tinu d to more Places of Figures, by 4 ſecond Wee, but onh 
mmultiphj d into the Number of Chords, 

_ Viz. ,52000c024327 X 258280326 = 6, 28318579 &, the 
Periphery of that Grade, whoſe Diameter 7 ts 2, nearer þ- either 


i: 15 | — 
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— 


— 


3 or Matias s Proportion: For Archimedes makes it 
6,285714 &c. viz. As 7 To 22. And Mztius makes it 
6,28319584 Kc. viz, As 113 To 355, 
But if the whole Æquation before propos d, be now taken, 
and we proceed to a ſecond Operation, the . alne of a may be 
increas d with twelve Places of H igures more, _ ole may 5 
be obtain d by 8 Bene, only. . 


at 


Thus, let r ＋ e = 4, as deter, nd er all the Poners of e 
? be now rejetted as inſi gnificant ; "3 = 


= „ = „ | 
Then no 12 2 —5 IIe A 


48) 


＋5 e = 4 1+ yy, 
rp ies” e 17 


The ſeveral Powers of r = - ,000000024327 hw raid, 


4 and multiply d into their ref ae Co-efficients, — produce 
g) theſe following Numbers. 


N 1, 4719758176 ＋ 430467216] e 
Dl — — 1047849196598394865 — 5e 
+; £02655996484595355  134810e | 
| — ,000004281442413375 — FE | 
- + ,000000016302517863 + 5e S1 
_ '— ,0000000000436311679— Mee. 
8 | + ,000000000000071388 + de. 
8 — ,00000000C0009920093 — _ oe! 


"Fi 1 1,5090000264747451c6 ＋ 37 279864 55 wy 
| Hence 372795540 == — ,00000c026474745106=D | 
Or rather — 37279684. = = der a * 
. Cunſe geil ͤ ͤ ͤK— 

m_ Tom” ; 


Operation. e 
n 37279554) 2:0090026474745106 c 1710161967 . 
3 25 5 
37905730 
37279554 
e | 
3727954 


ol 


— — — IS 
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n 


Laſt y — 0C000026327 
— & = ,C90COIC0900C00007 10167967 _ 


1 — e 000050243 26999 289832033 = = TY the Chord 


or Side of the Polygon requir d. 


The next Work will be to examine how many Places of theſe 


Fipures will hold true to tlie Circle's Periphery : In order to that 

let à be repreſented by the Chord B b, in the annex d 

Scheme; and let Bx = zb. Then will SM 

|  Br==5 a=(.7) e nf 2. —— 

And 0 BC — 83. = 0 Cs. . — 
Let the Radius BC = 1 as of hay | „ 

Then will the Y n BC—D Br = 


8 2 97e Sc. 

But Cx: X B: 

8 B b: ©: 9 255 
Eo Dd =(.7)2432699928983 25354 
e the Side of the riding . 

Then will 4 x 258280326 be the 
Peri meter of the inſcrib'd Pohgon. 


73 By Pig.” 


And Dd x 258 2803 26 — be the Perimeter of the c Cir» 


cumſeriding Polygon. 


That is, 6 2831883. 71 795859 = — the Perimeter of the my 
; Pages... | 
VV 2837863071 795865 = = I Perimeter ot the circum 
9 foils Phe. = 


| Hence * tis evident, "ah the circle - 8 whoſe Diame- 


ter is 2, may be concluded 6 2831853 071795864 true, be- 
cauſe the Perimeters of the inſe-ibd and circumſcrib d Taha 
are ſo far very near being co- incident, or the ume, 


Iis poſſible there may be ſome who will think this is tedi- 


ous and troubleſome Work; but if thoſe pleaſe to conſiler, 
that if this Periphery were to be found by the aforeſiid Meth 
of Biſcction, it would require thele following Extraitions.. 


= 7 2 V 24 7 2＋ *: 2＋ A: 2+v: 24 575 
INV z2＋ V: 2 ＋ : 24 2+v:2+v:2+v:2 
\<+vV:2+v:2+v:2+v:2-fv:2+/ :2+v:2 
DV: 21 V2 TVI. 21 2+V: 27 v5 3 Muli 


hd into 422829954. | 


| Here the firſt Root (viz, / 3) muſt be err Hel at laſts | 
ce hundred and two Places of Figures. The ſecond Root 


4 Vis 


$3 7 we G. 


3 


2 21 eV 


"a> Rar 


/ 
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(viz. V: 2 + V 3) muſt have 99 Places of Figures in it, The 
third Root (vis. V: 24 : 2+ 4 muſt have 96 Places in 

it, Cc. every Extraction being allow'd to decreaſe three Places, 
that fo the laſt Root ( viz. the Chord ſought) may conſiſt of 
24 Places of Figures, as above, CE OY 
I ſay, whoever duly confiders the Trouble of theſe ſo often 
repeated Extreftions, will, I preſume, be pleasd with what I 


| have done, For truly when I confi.ler of the great Time ang 


Care requir'd in them, I cannot but admire at the Patience of 
the laborious Van Culen, who proceeded that Way until he had 
found the Circle's Periphery to thirty ſix Places of Figures, to 
wit, 6,283185307179586476925 28676655990576. OT 
Theſe Numbers are ſaid to be engraven upon his Tomb-Stone in 
S. Peter's Church in Leyden, for a Memorial of ſo great a Work. 


_ Having thus obtain'd the (ircle's Periphery, its Area may ea- 

| ily be found (to the ſame Number of Figurcs) by Problem 6. 
That is, if half the Periphery of any Circle be multiply d in- 

to half its Diameter, the Product will be that Circles Area, 


as will appear farther on. Therefore, 3,141592653559793 . li 


will be the Area of the Circle whoſe Diameter is 2. 


Thus I have ſhew'd the young Geometer how to find the (ir- 
ches Periphery and Area to what Exactneſs he pleaſes to ap- 


proach ; for preciſely true they cannot be found, notwithſtanding 
the late Pretenſions of a certain Frenchman, who hath publiſſ d 


to the World, (in the Works of the Learned) that after twenty 

five Years Study he had found the . of the Circle : But 

it he had perus d the 83d Chapter of Dr. Wallis's Algebra, he might 
there have ſeen his Error, viz, the Impoſſibility of what he pre- 


tended to; for it is as impoſſible to ſquare the Circle (that a, 


nd ies true Area) as i is to find the Ru of a Surd Number 


Note, What / have here propor'd and done by the Trittin © 


an Arch, may as eaſily and much more ſpeedily be perform d | 
Oninqueſeftion or Sepriſeftion, &c. But becauſe the Scheme for Tri- 
elt ion ts more (imple, and may be eaſier underſtood by a Learner than 
 thiſe of the other Sections, (0 which ſee my Compendium of . 
gebra Pages 76 and 79.) 1 have for that Reaſon made choice, 
JJ 8 IS 


As to the Proportion of one Circle to another, and of the : 

Circle to the Elliphs, &c. thoſe ſhall be fully ſhew d when 

we came to the fifth Par. 5 BG 
* | WIE 7 WED „ ö Te ; 


« 
; 
f 
j 
[ 


— _ 


* * 3 — —— 
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Before I conclude this Part, I mall make ſome Uſe or Appl 
cation of the above-found Periphery, in finding the Quantity of 


| Angles, whach is done by the Help of right Lines, call'd Sine 
and Tangentt, the Length whereof are calculated to every Degree 
and Minute of a Quadrant, by much Labour. But I ſhall here 


ſhew how to find the natural Sine (and conſequent y the natural 


Tangent) of any propos'd Arch or Angle, by two equations, 
without the Help of any precedent Sine as uſual ; which I did 
ſome Years ago communicate to the ingenious Mr. Joſeph Raph- 


| (on, and he fo well approv'd of them, as to make them the 
20th and 21ſt Problems in the ſecond Edition of his Auahſß 


A quationum Univerſalis. 


And becauſe in finding the Quaniity of Angles, every Circle 
is ſuppos d to be divided into 360 equa! Parts, call'd Degree; ; 
every Degree is ſubdivided into 60 Parts, call d Minutes; and 
every Minute into 69 Seconds, &c. (Sce Page 294.) 


Therefore 360) 6,2831853 Kc. (o, 174532925 Kc. isan 


Arch of the above-found Periphery,equal to the Arch of _— | 
And 65) , 0174532925 &. (9,002908882 Kc. = the 


Arch of one Minute. 
Then if the given Arch (or 4 0 ) be leſs than 45 8 


| pads it into Minutes. and multiply thoſe Minutes into this con- 
ſtant AMfultiplicator. vis. 0,9202928882 calling the rode bh 
And for the Sine ſoueht put a. Then it will be 


A+ * 1 Z6ppaa + 01 4575. 
_ Example. 

3 Tek be roguls's to find the Sine of 19? . 132 1153 
Here 0,0002908882 Xx 1153 = 0,33539499946 — 8. 


5 And — 4 + GAIT I08" + — v0 as 144 + 80,4945 Ja= | 
= 3.06 251394 


Let „ + e=a 
Fre & re I ee 
"Thea rrr + grre + 370 = 4a 


rrrr + grrre + 6rree S aaaa | 
Nate, In this Caſe the fir r may always be taken equal t0 the 


Er Figure in the Produti = p. Viz. here T=0.3 which being 


c ,. s 


"A 


invol'd as itt Powers dirett, and thoſe Powers multiply'd into * 1 


= ſprctive Co-e fficients of the equation, it — be . 


8 * 0, 108 6 + e + 2, 62ee 


3 0,5% e Panos 
Fiz, 6,3344 — 37197 — 195 5 5 


(24.1483 + 80, 9e 
r e — 199, -gee ( .  $,06251394 | 


— 


Hence 
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I. | Diviſor | „„ 
1 Diviſer =: 
re Dn 
r= 2,529 


Hence 37. %% + 195, ee = 1,27239 
| And 0,193e + ee = 0,006492 = D 


| 2 577 o, 193) 0.056495 (0,029 S 
Te=,029 42 


> e=0. 329=r for b Operation. | 


7 Which being involy'd and ip d, Ec. as before, will 


adn theſe Number. 


F + 26,482751781 + 95,4458. 
—21, 548 22893. — 3097354. _ 3 | 


+ 0,14332575 + 1,30092e + 3, 24e 


— OoH7I61 — 0142449 — 0,6494te 1 
Viz.5,00099854 — 75 155. 175,726 888 8f 1 


Hence 49,31 6886 + I 98,7266ee =. 0069846 ; which being | 


lnided by 195 7266 the Co-efficient of ee will berome 


25196 o ee = 00003 eats = 5 


- aha 10 25196 TP. ny | 


r 69251560 00003568 54 (29091 ade 


Te 220 
1. Divi ſor O, 25 20 = 104854 
2, Dior 0) OO — 
a 40140 
%% 23210 
aft eee 5 Kc. . 


wht ig the ue Sine of o 13 
as was requir d. „ . 


Thus you may OE the right Sine of wy Arch or ag leſs 
than 45 Degrees. | a = 25 
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But if hs given Arch be greater tuan 45 e you muſt 
take its Complement to 907. viz. ſubſtratt it from 9 Degrees, 
and reduce the Remainder into Minutes, as before. 

Then mut ipl the Square of thoſe Mlinates into this conſtant 


: Alultiplicator, 0,0c0200084616 calling their Product Þ, and 


putting 4 the Sine ſought, as before. Then wi! 


45 * 28. + 19544 + 36paa — 10Bpa—— 284 196 —81p 


Exan ple. | 


1 80 it were requir 'd to find the Sine of 75%, 32. Or ( ib | 
i the ſame thing) to find the Co- ſine of 14 . 28'. = 868, whoſe I 


Square 753424 X 0,000000084616 = © 06375172518 = p. 
Hence the ang. ag in Numbers will be 
4 ＋ 28444 — eee — a 
= 190 8361102588 
1 F—_ Eb And : 181 
rr — 2re + ee 44 EE 
| Then) rrr — zrre + Zree = daa 
errrr — qrre + 6rree aa 


| Note I here tale: rF=1 becauſe the Arch is 1 near 7 to 955 2 
and therefore / make it „ 


28,2000 — 84, 0e + 84, 0ce ( 
15,0000 — 4, de + 6,05 


— 21 1148 + 21, lie „ 3: ES 
Then a t 197,2956 — 394,59 High ( =195836 


——p=—- 205,1508 — 461,48 + 287,290 = = 1908361 


Hence 461, 48e — 287,29ee = 1433447 
| And | 3 ee _ = D "4b 


Theozem{;-- 


= 
| Operation. 1,606) ,049930 (0093 m 
end 471 | 8 
5 1. Diviſor 447. 1 8 . 15 Firſt 7 = 1,009 
2: Diviſor 1,575 2979 |. © ©} em 0o3t. 
| == Fr —e = 0,969 =" 


for a ſecond 3 - which being invely d as before, will 


Product theſe 98 Numbers. 


—— 


_ 


„3 


WF 


Operation. 1.55963) 0,051 1019821 (eee eb =. 


F) the Tang ent of the ſame Arch, 


Nov by this Proportion, there is 


| | and Ch-ſine of the ſame Arch, to ED 


—— — — — 
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— 20. en + 21,1 1481e 
+ 135, 252368719 — 382,35783e + 197,295 1ee 
+ 25,475839852— 78.87 27 26 ＋ 81.596 Dee 
05881642212 — 3,63941e + 5 6337e _ 
Pig. 191, 149651515 — 43,5155 Þ 284,524 86e = 
= 199,336110259 5 


Hence it will be 443,75515e — 284,5248ee — 2313541256 


And. 1 OO eee =D 155 


my) 


F< — e — 0,90070. 5 109123 3 
. Divi ſor 15589 | 1975210 
2 n 1555893 935348 
ns _ 1398520 . 
aſt 7=0,969 — rH Ac 5 


—e=O 0,0007068 | 
— === = 0,9682932 | the Sine of 755 32. ag was 5 requir'd, 5 


: Having found the Sine 1 Co-ſime of any 4rh, the Tage | 


is uſually found by this Proportion; 


Viz, £7 the Co-fine of any Arch: : is to the Sine _ 4 Arch: 


fo is the Radius : to the Tangent of the ſame Arch, 


For {uppoſing BC=BD Radius, 4c the Sine of the cb 
CD. Then B A is the Co- ſine, and = ay 


bur BA: CA : B D: FD, &c, 


requir'd to be given, both the Sine 


had the Tangent. 6 5 : 
'Tis true, if the” Radins, and 1 
either the Sine or the the Co-ſine be given, the . may hs fd 


Thus, v BC—o -D CA= B A. Or vV OBC—nAt BA=CA, a 


. But if either the Sine or Co-ſine be given, the Tangent may | 
(1 preſume) be more eafily found by the following Theorems. 


2 5 Let 


4 


354 | | Elements of Geometry. = | Part 111, 
Let BC I. CAS S. BA= x. and FD = 7. Then 


u $ be given, 7 may be found 5 = 


Theozem {75 er 
Or if x be given, 7 "y be found by this 
Cbenem ? — 


— & 


- 1 the Fine Py 19% ; 13. W before found ) be given, viz; 
03291415 . To find T the Tangent of the ſame Arch. 


Firſt o 3291415 X 3291415 = 0,108334127 = SS. 


Again 1 —0,108334127 = 0.89166 5373 = 1— SS. 


Then 0,891665873) 0,108334127 (0 1214963253 
And vo,r 214963253 = 0,34856 632= =, the Tangent 


0 19. 13“. as was requir d. 


And ſo you may proceed to find Tz = the 1 — 


5 *= = the ons is given. 


Abs it may here be ede, chat I ſhould have led 


and demonſt rated (or at Þ have inſerted) the Proportions from 
whence the foregoing e/£quations for making Sines were pro- 
duc d; but I have Sid 
the Sides and by les of plain Triangles by the Pen only, (viz, 
nitbout the H 770 Tables) for the Sulject of another Diſcuuſe 
hHereafter, if of t LS 


that, as alſo their Uſe in computing 


b and Time permit. 
In the mean Time, what is here done may ſuffice to ſhew, 


that the making of Sines by fuch a laborious and operoſe Way, 
as was formerly uſed, is in a great Meaſure overcome, which, 


1 chink, I may 1uftly claim 3 as ee 


_ 


Tv; 
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. AN b 
INTRODUCTION 
'TO THE 


Mathematicks 


Part IV. 


© H A p. 3 
| Defrition of « Cone, and its Seftions. 


Here are ſeveral ei given of a Come : The learned = 
Dr. Barrow upon Exclid hath it thus: 5 
A Cone (ſaith he) is a Figure made, when one Side of 2 


( rectangled Triangle, viz. one of thoſe Sides chat contain the 


* right Angle) remaining fix'd, the Triangle is turn d round 


about, till it return to the place from whence it firſt movy'd. 


And if the fix d right Line be equal to the other, which 


„ containerh the right Angle, then the Cone is a rectangled 
Cone; but if it be leſs, it is an obtuſe angled Cone; if 
ic greater. an acute angled Cone. The Axis of a Cone, is that 


% fix d Line above which the Triangle 1 is mov d. The Baſe of 


4 Cone is the Circle, which is deſcribd by the rizht Line 


moe d about, (Deſin. 18. 19, 20. Enclid. 11.) Bo 
dir Jonas Moor, in his Treaiiſe of Conical Seftions, (raken out 5 
of the Works of Mydorg ius) defines it thus: 
* Tf a Line of ſuch a Length as ſhall be needful, ſhall upon 
« Point fix'd above the Plain of a Circle, ſo move about the 
© Circle until it return to the Point from whence the Motion 
begun, the Superficies that is made by ſuch a Line, is call'd 
« a conical Superficies, and the ſolid Figure contain'd within 
« that Superficies and the Circle, is call'd a Cone, The Point 


{6 : union fill i is the Vertex of the 9 Cc. 


222 | Alcho' 


5 
f 


cut our of the Circle 


their Parts, it will 1 ** Cone, and . | 


Pioint, calld the Uełtex of the N 
Cone; the Radius VH being everß © 
7 where equal, will be the Side EO. 
the Cone, and the Ach HG will 

become a Circle, whoſe Area is 


| (viz. VC) will be the Arts, or per- N 


: Form, it will be a compleat OT perfect 27 My 
(e; which! ſhall all along call a right te C _...» 
One, becauſe its Axis / (C ſtands at | 
 vigh 1 Angles with thePlain of its Baſe HG, 
and its Sies are every where equal. | 


">> Mi y Cone whoſe Avis i is not at 1 * © 
vrith the Plain of its Baſe, may be, properly 

call'd an imperfect Cope, becauſe i its Sides are = 
Hot every where equal | (as in the annex d . 


ally call d a Scalene, or oblique Cone. — 
Any ſolid Cone may be cut by ; PEI 1 flat all 
Sell. 
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Altho' both theſe Definitions are equally true, and, with a 2 


| 5 little Conſideration, may be pretty eaſily e TO Yo yet I | 
_ _ propoſe one, very different from either of them, and, 


a” «+ me, more = and intelligible, eſpecially to a Learner: 
If 2 Grele deſcrib?d upon fi Paper (or any ot ber pliable Mat- 


ter) of what Bigneſs you pleaſe, be cut into tuo, three, or more 


Sectors, either equal or apequal, and one of thoſe Seftors be ſo 
roll'd up as that the Rad 


That is, if thF Sch HMF be 
Sie 2 for 140 OY, 
up as that the Radins's | & . & : Bw a. 
VG may juſt meet each other in al! 


the Coates V will me 2 ſolid „ ;- 


al d the Cone's Baſe. 


hr Line being Cappoa's to > paſs 
605 K Vertex or Point V, to the Center 
of the Ones Baſe, as at C that Line 


pendicular Height of the Cone. | 
If a Solid be exactly made in ſa: h 2 


are) Now, ſuch an imperfect Cane is uſu- 


eee * 


dong hereafter call gu Lines 2 into or Sellin. 


is may exactly meet each other, it 


will form a Coniga! Superficies. 3 


| ard HAxGA=BAx AB 


Then it will be, ha * 2 484 . 


— 


Sect. 1. „ 


If a right Cone be cut directly through its Axis, the Plain or 
Gaperficies of that Section will be a plain Jſoſceles Triangle, as 
HVG Figare 2. viz. the Sides (HV and VG) of the Cone will 


be the Sides of the Triangle, the Diameter (HG) of the Cone's 


Raſe will be the Baſe of the Triangle, and (VC) its Axis wil! 


te the perpendicular Height of the Triangle. 
5 KM: 


If a right Cone be cut (any where) off by a right Line paral- 
le] to its Baſe, as h g (it will be eaſy to conceive, that) the Plain 
of that Section will be a Circle, becauſe the Cone's Baſe is ſuch; 
wherein one TI hing ought to be clearly underſtood, which may 
be laid down as a Lemma to demonſtrate the Properties of the 


following Seltions 


I any tuo right Lines inſcrib d within a Circle, do 


cut or croft each orcher (as hg doth bb in the an- 


© Jnex'd Figure) the Rectangle made of the Segments of 
nd None of the Lines, vill be equal to the Reflangle made 
EE of the Segments of ; the other Line, ( ſce Theor em 13. : 5 5 


"Lemma 


0 Page 309.) 


That is, h g A ba x 4b Se. „ 


Conſequently if ba= ab. 
And if BA—=AB. „ | 


[ 


And in the Cone's Baſe HA UBA. /. 
3 SA. 3-5, 5 * 


If a right Cone be (any where) cut off by a right Line, that 
cuts both its Sides, but not parallel to its Baſe (as TS in te 
ullowing Pigare) the Plain of that Section will be an Ellipſs 
| Aer, eall d an Oval) viz. an Ollong or imperte Circle, whicns 

| hath ſeveral Diameters, and two particular Centers. That is, 


. Any right Line that divides an Ellipis into two equal Parts, g 
is call'd a Diameter ; amongſt which, the longeſt and the ſhor- 
te are particularly diſtinguiſh'd from the reſt, as being ot 


* general Ufe ; the other are only applicable to particular 
* * 88 1 5 _ ” LE ; 3 _ 
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Iranſuerſe Diameter, at an equal Diſtance each Way from the 


=. "Conick Sexlons, Fan IV. 


— 


2. The 2 Diameter (as 7 S)is call the Tranſoerſs 
| Dianne, or Tranſverſe Axis; being = 

that right Line which is dran thorough | 
the Middle of the Ebipfe, and doth ew - 
or limit its Length. | 27 


3 The ſbutef Diameter, call d the 
conjugate Diameter, 18 4 right Line: 
that doth interſe& or croſs the tranſ- 


verſe Diameter at Right Angles, in the Pu 
middle or common Center of the El- ;«@ Ax 
lips, (as N n) and Goth limit . GR 
wer Breath. . Sell 

„The to Pbinti, which 1 ob 3 Far 


particular Centers of an Elipfs, Cfor «& J 
Reaſon which ſhall be ſhew'd farther on) are two Pals in the 


conjugate Diameter, and are uſually call'd TG: F ocus's, Jt 
or burning Points, wy 


5. All right Lines within the E lip ; that are parallel to one | 
another, and can be divided into :wo equal Parts, are calld MW 
| Ozdinates with reſpect to that Diameter which divides them. 
And if they are para lel to the Conja ate, viz. at right Angles: 
with the tranſverſe Diameter, then they are art Ordinatet YI bei 
rightly appiy'd. And thoſe tuo tbat paſs through the Fu; 
are remarkable above the reſt, which being equal and ſitunt- 


ed alike, are call'd both by one Name, viz. Latus Redum, 00 
or right Parameter, by which all the other G are * 


lated and va d; as will appear farther on. — 

1 GS 2 
= any Cone be cut into tao Parts, by a a ri gh Line parallel 2n 
bone of its Sides (as SA in the following Scheme) che Plain of - 
that Section (viz. SbB ABbS) is calld a Parabola. 4 
I. Aright Lin- being drawn through the Middle of any Pare ee 
Fola, (as $4) 15 call'd irs Axis, or intercepted Diameter. 8c 


2. All rip Lines that interſect or cut the Axis at right A 0. 

les, (44 BB, and bb are ſuppos'd to cut or croſs SA) are calld I fl 
_ Ordinates rig hely apply d, (as in the Ellipfs) and the greateſt Or- 
 dinate, as RB, which limits the Ln of the Parabola's do Axis tr, 
(SA) is uſually call d the Baſe of the Parabols. 


V. 


it 


Hr” 
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CC 


_—G_ 


2. That G. which paſſes through the Focus, or Burn- 
ing Point of the Parabola, is call'd _— 
Laus Rectum, or right Parameter. (as v: 

in the Ellipſs) becauſe by it all the 7 
other Ordinates are prope tion d, and 
my be found. 


„ The Nv de, Focus, or burning 
Ain of the Parabula, is a Point in its 
Ari (but not a Center as in the Ellipfis) 
ciftave from the Vertex or Top of the 
Ketion. ( viz. from S) juſt one fourth /. 4 ot 
Part of the Latus Rettum , as ſhall Gr 92880 N 2 — — 
ſhew'd farther ũlꝛ. 47 


Go All right Lines drawn . a ne 1 to its 
Ars, are call d Diame ters; and every right Line that any of 


' thoſe Diameters doth hi ſſect or cut into two equal Parts, is 1 


to be Ordinate to that Diameter which be * 


Sell. 5. 


E 2 7 Oe be any a; cut by a rio bi Lins: either parallel t te 
its Axis, (as SA, or otherwiſe as x N.) * as rhe cutting Line 8 
being continu'd through one Side of | : 
the Cone, (as at S. or x) will meet 
with the other Side of the Cone, if it de 
continũ d or produc'd beyond the Ver- 
tex V, as at 7. Then the Plain of 
that Seftion (viz. the Figure SB RS 3 


s call d an Þyperbola, 


1 K right Line being drawn tho= | 
rough the middle of any Hyperbola, viz, 
within the Section, (as SA, or xN) is 
call'd the Axis or intercepted * tay 
ter, (as in the Parabola) and that Part 
of it which is continu'd or produc'd 

out of the Section, until it meet with 
the other Side of the Cone continu d, 
bi. TI, or T x, &. is call d the 


115 * TAY. 
=P 


maſurſe Diameter, Or trahſy. rſe Axis of the Fhperbela.. 


2, All right F Z 8 that are drawn within an Hyper o 'a, at 


role Angles to its Axis, are call Ordinates hb hy Ce * 5 
1 hat 


iu the Eligſis and Farabola. i 


— . nl. — = 
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3. That Ordinate which paſſes through the Focus of the Hh. 


perbola, is call'd Latus Rectum, or right Parameter, for the ſame 
Reaſon as in the other Scitions . 


4.᷑. The middle Point of the tranſverſe Diameter is call d 
the Center of the Hyperbola, from whence may be drawn ty 
right Lines (out of the Section) call'd Aſymptotes, becauſe 
they will always incline (that is, come nearer an nearer) to 
both Sides of the Hyperbola, but never meet wit!1 (or touch) 
them, altho' both they and the Sides of the Hyperbo:a were in- 

| finitely extended, as will plainly appear in its proper Place, 


"Theſe five Sections, viz. the Triangle, Circle, Ei''"Ipfis, Para. 


lola, and Hyperbola, are all the Plains that can poſſibly be pro. 
duc d from a Cone. But of them tie three laſt are only calld 
 Cnick Sections, both by the ancient and modern Geometer. 


Scboli m. 


gheſi les the foregoing Definitions, it may not be amiſs ty 
add, by Way of Obſervation, how one Section may (or rather 


dot h) change or degenerate into another. © 
An Ellipſis being that Plain of any Section of the Cone, which 
is between the Circle and Paralola, it will be eaſy to conceive 


that there may be great Variety of Ellipſes produc'd from the 


ſame Cone; and when the Section comes to be exactly parallel 
to one Side of the Cone, then doth the Ellip/is change or degene- 


rate into a Parabola. Now a Parabola being that Section whoſe 
Plain is always exactly parallel to the Side of the Cone, cannot 


vary as the Ellipſis may: For fo ſoon as ever it begins to move | 
out of that Poſition, (viz. from being parallel to the Cone s Side) 


it degenerates eitlier into an Ellipfis, or into an Hyperbola. That 


is, if the Section inclines towards the Plain of the Cone 's Baſe, it 
becomes an Ellipis; but if it incline towards the Cone's Verrex, 
it then becomes an Hyperbola, which is the Plain of any Section 
that falls between the Parabola and the Triangle. And there- 
fore there may be as many Varieries of Hyperbola's produc'd 

from one and the ſame Cone, as there may be Ellipſes, 
To be brief, a Circle may change into an Ellipys, the Ellipſi 
into a Parabola, the Parabola into an Hyperbola, and the Hyper- 


lola into a plain Iſoſceles Triangle. And the Center of the Circle, 
which is its Foczes or burning Pyint, doth, as it were, part or di- 
vide it ſelf into two Focus f fo ſoon as ever the Circl: begins to 


degenerate into an Ellipſi; but when the Ellipſis changes into à 
_ #ar.bola, one End of it flies open, and one of its Focus s vaniſhes, 


And 


+ AAAS OF ting 


* 


Comerning the Elton. 


— — 
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and the remaining Focus goes along with the Paralola when it 
degenerates into an Hyperbola, And when the Hyperbola dege- 
nerates into a plain Iſoſceles Triangle, this Focus becomes the ver- 
tical Point of the Triangle. (viz. the Vertex of the Cone.) So that 

the Center of the Cone's Baſe may be truly ſaid to paſs gradual- 
ly through all the Seftions, until it arrives at the Vertex of the 


Cone, ſtill carrying its Latus Rectum along with it. For the Dia- 


meter of a Circle being that right Line which paſſes through | 
its Center or Focus, and by which all other right Lines drawn 
within the Circle are regulated and valued, may (1 preſume) be 


properly call'd the (Circles Latus Rectum; and altho it loſes 


the Name of Diameter when the (Circle degenerates into an El- 
lips, yet it retains the Name of Latus Rectum, with its firſt 
Pre perties in all rhe Seftions, gradually ſhortening as the Focus 
carries it along from one Seftion to another, until at laſt it and 
the Focus become coincident, and terminate in the Vertex of the 
] have been more particular, and fuller in theſe Definicions; 
than is uſual in Books of this Subject, which I hope is no Fault, 


but will prove of Uſe, eſpecially to a Learner ; and altho' they 
may perhaps ſeem a little ſtrange, and at firſt hard to be . 


derſtood, yet when they are well conſider'd and compard 


with a Cone, cut into ſuch Seftions as have been defin'd, they . 


will not only be found true, but will alſo help to form a true 


and clear Idea of each Sectio. 


-CHAP. 8. 


| 5 concerning the chief Properties of an Ellipſis, 
| Note, the tranſverſe Diameter of an Elipſe, as TS in the 


ollowing Figure, be inter ſected or divided into any two Parts by an 


Ordinate rightly appiy d, as at the Points A, C, a, &c. Then 
are thoſe Parts T A, TC, T a, and SA, SC, Sa, &c. uſually 


call'd Abſciſſa's, C which 7 zniſies Lines or Parts cut off) and by 
the * e of any two Acala, is meant the Rectangle of ſuch 


two Parts as, being added together, will be equal to the tranſverſe 


PPP 
As ASA = TS. And TC SC STS. 
CCC 


2 ent £4. br | * x . 


——— — U. — 


o | f 
1 
! 


TAN SA: BA:: IC NN: ONLY 
T Cx SC: ONC:: Ta Xx Sa: Ota | 


> — —] j — 2 ⁵˙ . 6 


then will the Plain of that Scion 
de an Ellipſis, (by Sect. 3. map. 1.) 
_ T'S will be the fon Diametcr 

CN and b will be Ordinates | 


be parallel to the Cone's Baſe, they _ 85 
will be Diameters of Circles (by „ 
Sec. 2. Chab. 1.) Then wHl ATEK- AAR: \ | 

- and7aD be alike, Alſo ASad I N 
| and AS C k wall be alike, 5 a : 
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AVERY Ellipſ is proportion'd, and all ſuch Lines 2s "i 
to it are regulated by the Help of one general Theorem. 


As the Rectangle of any two Abſciſſa's : is to the 


So is the Rectangle of any other two Abſciſſa t: Th 
the Square 1 half that Ordinate which divides them, 


: Theozem em} Sqare of half the Ordinate nhich divides them : 


"Tine is ; | Ta 
TAx SA: BA:: FA Sa: N ba 


&. 
| Demonſtration, 
Let the annex'd Figure repreſent a right FO) cut e throng 
both its Sides by the rig t Line 7; 27 


rightly apply d, as before. Nn 
Again, if the Lines Dd and K n _ Dee: 4, 


vt 
* : EAST 
r IS I 9 re 0 T9 on ee 

Do en oe TIE ng EN 
; ALONE L LEASSS : 


8. . SC: Cl. 
TC:CK::Tat Cha By Them 13. 
Sax CI AAN SC | | 


Sa x C N Ta X OK — adXSCXTCXAD. By. aun; EY 
CK X CHS UNC 


f 
2 
oa 
2 ee[4TaxK=TICxXaD 
„ 
6 


And 7 aD xXad— U ba > by Lemma Sil. 2. 


Then for CK x CI. anda D x ad, take UMC, 3 Oba 
6, 75 ——.— ONCETC x SC x Oba. By Axiom 5. 
ence | 18 


Soda ” 


8 — — GS 3 —— a 


0 


Sax T4: Oba: +TCXSC: ANC. A 5 


It: 


be 
To 
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Theozem.) 
Vi iz, -(in the lining Fig () TS: Ns: Nen LR the fon 22 55 


Or the Truth of theſe Nee may be otherwiſe prov d by 
a Circle, without the Help of the Cone. Thus; : 
Let any Ellipſi be circumſcrib d, and inſcrib'd with Circles, as 


in the following Figure. Then from any Point in the circumſcri- 


bed Circle's Periphery, as at R, Jraw the right Line Ba, parallel | 
to the ſemi- conug ate R NC, then will ba be a ſeni di- 
nate rightly apply d to the tranſverſe Diameter TS, as before. 

Agun, from the Point h (in the. Ellipſis Periphery) draw the 
rig/t Line bd, TN to the * 7 S3 . draw _ 
Radius B C. | 


Then will BC and. cf be alike = = on, 


Therefore bo £ By 70 Ag 1 
| Tm, 14CTC=BC, NC=C 
But 2 L bazdC 5 >; 
Conſeg, 3 TC: Ba :: NC: ba 3 
Or r / 
n 0's 5 OTC:O NG:: AB Ab | Ne . 
Ig . Ae 74 X Sa = oO Ba NT: > . OY 1 85 | „ 
eee, A 


Ta X S4 Oba: r nSc U. Oc. 1 5 
Therefore Þ 1 As befive;” - © h 


And fo for any other Abſciſs, and their . liar: 


Theſe Proportions being found to be the true and common = 


Proper ties of every Ellipſs, all that is farcher requir d in * or 
— that Se . my be eaſily deduc 1 Bom * 


ee. 2. . fu the Latus Revum, or Right para 25 
mieter f any Ellipfs. | e | 


mi. are 3 Ways pe finding the 3 1 PER 1 = | 


think none ſo eaſy, and ſhews it ſo plainly to be the third 
5 Line in the Ellipſis, as the following Theorem. 


ſ As the tranſverſe Diameter: is in Proportion to the 
8 2: §o ts the © 2 Conjug are: To the Lats. 
Rectum. 5 


3 Demonttration. : 
* the laſt Proportions take either of the Antecedents, and 


ALLY. 


its Conſequent, viz, either TCxSC: QNC. Or TY Sa; Oba 


aff 
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and * T S the third Term, to hi h and A ourth P AY 
tional, and it will be = ER: - is . * 7 


Thenefore 370 * ! 1415S 


Aga 


"Thu 7 ON: TS: LR 
_ TC=SC- 
But] 2 And NC=Cn 


AA 40 N 1 NA 5 
15 3, 4 54075: ON: Fenn 
3 A= OATS 
N pl er =ONs xTS 1 

* ben gives the following Analogy: 

Me Nun: : Nu: LE 

of TCx SC: O NC: : Ta xSa: 0 be. 

By common Properties. 
mrs: ER: T* Sa: Oba 


| l 


„ [IC 


l From hence it's evident, that LR thas ani. is that Ori. 
nate by which the other Ordinates may be regulated and found, 


Therefore ( according to its 8 . 3 3. 9 8 1.) it is $ the 
true Lat Us . 2 E. D 


e 


bins it follows, that if the tranſverſe and conjugate Di | 


ters of any Ellipſis are given (either in Lines or Numbers) the 


5 Tatus Rectum may be eaſily found; and then any Ordinate, 


; whoſe Diſtance from the Canpugere 1 is given, may be _ as 


” Lect z. 3. To find the F ocus of any Ellipfs. 
The Focus is the Drſtance ef the Latus Retlum from the Cina 


gate or Middle of tha Ellipſi, (vide Definitim 4. Page 358.) 
And that Diſtance is always a mean Proportional between the 


half Sam and half Difference of the tranſucrſe and jc 


Diamereri, which gives this Theorem. 


From the Square of half the Tranſverſe, ſe fra the 


their Di . will be the Diſtance of each Focus 


cba Square of half the Conjugate ; the ſquare Root 6 
from the middle or con mon Center of the Eilipſu. 


That i is, ſuppoſi ing the Points f and F, to be the two Focus, 
viz C= CF and TC = TS. NC = Nn. Then, 
"FC+ NC :fC::FC: FC —NC Ergo N FC C- 
— e 5 377 — . 


| Domonſiration 


>, 


Ze 


5s 5” & 0- 


MOI 


: 2 


es the Eiliphs. 


7365 


des. „LR = U Nn. 


5 Dc = CF. 
8 QCESO IC: TC -H NC 


N= v GTC—ONC 


Now trom hence is dedue 'd that notable Propoſion, upon 


1 


Oemonſteatian. 


TC—nCFxXLR 
LRX TSS OTC CF 


DN = NC 


By 8 Steps of the 146 Proceſs N 
21S: LIN: : TFM SF: ULI By common Properties. 
37'S: LR: :TC+CFxXTC—OF: W 
= We OLRxXTS=,_ 
: Q 


42 LR|5 5 
2 af 62TS5 VLN 


F-- yp 
. - * 
; * 
2 * 
: * 
* 5 
: 
T * Th 
* 


which is grounded the uſual Method « of e an * = 
und rar NI Ng of T angents, &. | 


I2 = 


Propoſition. 


If from he two Focus "of any Elipſs, 1 fe 


drawn two right Lines, ſo as to mr each other — M 
7 any Point of the Ellipſio s Periphery, the Sum 1 49 


of thoſe Lines will be equal to the Tranſverſe. 


' Demonſtration. 


Vie {N+NF= =TS./L+LF=TS. Or fB+BF- Age. | 


T5, — af 


of | cru . 
Firſt off Sth of the lat. 2 
e arc 
IAI By Theorem 11. 0 

AJSONFEDOT 
1 31 Axiom 5. 85 
3 w 2 4NF=TC | 
Hence EN F=2TC= VV 
Again TS: LR :: TFN FS: OLE. By gebe 
Conſeq.| OE 75: LDR: TFA: EFT 
But 7 5 — TC. And + LR= LE. 
> 370. LE= C- CF . ET 

a Jo0fe+ OLF=0ofL. „ - | 
Thar is 1040 CF+ ALF=nAn fL for 2 CF: ef © 
8 x 414 CX LF TC—4DCF. 

10 1102 oaTc+oLr=a;TxLE:+ofl 


As 2 


«+ A - ;- * > 
— — 


r 
. Ad... . — 


J — —. 
has . hh PIN 


ER 
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14 15 [27 C=f Lp LE. But 2TC=T'S 
" Ergol If L+Lf=TS 


QED. 


And this Propoſition muſt needs hold true to every Point in 


the Ellipſis Periphery, viz. at B. Cc. as will evidently appear 
to any — rightly conſiders, That OE INS — MEM 


As a Thread jul the Length of the Diameter of any Girele, 


having its two Ends ty d together, and then 9y9v/d about a 
Point in the Center, (viz. by making it 4 double Radius) will, 


by drawing another Point in its Extremity, deſcribe the Peri- 


phbery of a Circle (vide Definition Page 280.) Even ſo, . 
If a Thread, juſt the Length of the tranſverſe Diameter (TS) 
having its tuo Ends fo fiæ d upon the 20 Focus's, (F and F) as 

that it may be mov d about them, by drawing a Point in its 
Eætremity, (viz. at its full Stretch) it will deſcribe the true 


: Periphery of an Ellipfe. 1 


Nou although this eaſy Way of deſc ribing, or, 38 | uſually 


Phras' d, drawing an Ellipfis, be mechanical, and known even 
to moſt Foyners, Carpenters, &c. yet it gives as compleat and 
clear an Idea of that Figure, as any other Way whatſoever; 
and by deſcribing it thus about its two Focus's, as a Circle is 
about its Center, doth plainly ſhew thoſe to Points are not im- 
properly call'd particular Centers in Definition 4. Set. 3. Chap. 1. 
For each of them bears much the ſame reſpect to the Ellipſis 
Peripbery, as the Circles Center doth to its Periphery. EE 
Fedct 4. To deſcribe or delineate an Ellipſis ſeveral Ways. 
| There are ſeveral (other) Ways of deſcribing an Ellipſis, both 
 Geometrically and Numerically, according to peculiar Occaſions; 


but I ſhall only mention two or three of them, leaving the reſt 
to the Learner's Genizs. Now in order to that Work, it will 


be convenient to confider what Lines are requiſite to limit or 


| bound its Form, which I take to be chiefh theſe following, 


I. If the Tranſverſe and Onjugate are given, the Ellipſu is 
perfectly limited, (vide Conſeftary Page 363.) For if T Sand 
Vn, be ſet at right Angles in their Middle at C, and 7 Cor 
CS, be ſet of from NM, or n, both Ways upon the Tranſverſe 
to f and F; (viz. male fN=TC=MN F) then will thoſe 
Points f and F be the two Focns's, (by 4th Step of the laſt Priceſs) 
and then the Ellip/;s may be deſcrib d as above 


2. I 


S na. a P — A+4au WY 


+. ...y ay 9 Oo © tu 


8 —— i. 
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" — 5 


8 2. If the tranſverſe Diameter and Latus Rectum are given, 
) the Elſipſi is truly limited, becauſe by them the Conjugate may 
be found, by Set. 2. OY % On 
3. Or if only the Tranſverſe, and the Proportion it hath 
either to the Conjugate or Latus Reflum, be given, the Elliphs 
is thereby limited: As for Inſtance, fro the given Ratio 
between the Tranſverſe and Conjugate to be, As 4: 0 d; 
= Viz. a: d:: TS: Nn, then — n, &c. 
4. If eicher the Tranſverſe, or Conjugate, and the Diftance 
ef the Focus from the Conjugate be given, the Ellipfic is limited, 
) Þ becauſe by them the Conjug ate or Tranſverſe may be found. 
20 "Theſe being premis d, and the precedent Work a little conſi- 
5 derd, it muſt needs be eaſy to deſcribe or delineate any Ellipfes 
in Plano, either Geometrically or Numericalljj ß. 
1. To deſcribe an Ellipſit Numerically by Points. - 
| Suppoſe the tranſverſe Diameter T S= 20 and the Conjugat* 
Nn=12, (either Inches or ay _ : 
other equal Parts) and let them  _Nab4 
croſs each other at right Au. 
| gles in their Middles, as in tie 
Then will TC=CS=10, 
FF Ad NCECn=z6 _ 
And it will 20 12: : 127,2 
S the Latus Rectum. 3 ͥͤ ] ] 
3 Again 20 : 7,2 Or rather take their Ratio. 
5 1: 0,36 :: 10 1 X 10—1: 4. 1. 
th mf, 0536 10 f 2 * 10-212 ð UU ˙· 
r T : 0,36: 10 ＋ 3 * 10 — 3: 04 3. K. 
5 102—1 X0,36=(74-1-Hence SSN, 36 5, 7d. 4. T. 
Viz, 


; — 8 
V 
pa ; 


; or - 8 1 5 , — 
* ; TW * . CT . = 0 ” 0 I „ 
= 4 : : f:--S * . © 4 : a 
# 2 A : . = - 0 I 8 ; 
C : = = b 
n J * * * * 33 Se 
N . - — * - ” 2 6 5 g 
Py * - * - * 2 


C 
- - £ 
P os 


PE Is = bd 5 


Iico—- 4x, 36 = Nb. 2. FO * 96x, 368, 888&c. b. 2. . 
1 100 -, 36. d. 3. v/ 91 X0,36=5,72&c.=d.3. RE 
lt ſo many Semi-ordinates as may be thought convenient (the 
ſe ore the better) be found in this manner, and every one of them — 
4 be ſet off at right Angles from its reſpective Point in the tranſ- 
) verſe Diameter each Way; wiz. from 1 to a, from 2 to b, 
I from; to d, Kc. Then if a Grve Line be carefully drawn 
| with an even Hand, through thoſe extream Points a, b, d, &c. 
6 it will be the Ellipfs Periphery requir d. 3 


= 3  Conick Sefions. = "Pare Iv 


is all one, make Cx =T C—NC. 2 
1 85 Then take any Point in the Line : 3 

Crx at Pleaſure, Suppoſe it at G, 
and from that Point at G ſet 


6, in Qs 


8 10, Analo 


YO 


ume mꝶm 


2. 10 5 el an Elivſs 3 by N 
Having the tranſverſe and conjugate Diameters given, viz..T; 


and N n, plac'd at right Angles in their Middles, as before 


Then from either End of the n, Viz. N c or n) ſer 


_ off half the tranſverſe Diameter 
to x. That is, make NX ITC 


| (continuing the con jagate Nu, when 


it is ſhorter than TC.) Or, which - 5 E 


of the  Diftance-C x to the 
Tranſverſe, as at E, viz, make G E = =C x; "ids join the Punt 


E with a right Line, produc'd fo far beyond E, as to make 
_EB=NC:. Conſequently GB=TC _ 
1 Then, I ſay, that where- ever the Point G was when between 
Cu aud x; the Fes. B will ju touch (er fall — the Kupfer 
5 — 1 


Demonſtratiun. 
Da che el Line B 4 Perpendicular to 7 S. Viz 


5 Let B A be a Semi-ordinate rightly «pply'd to the tranſverſe 
Diameter I S. Then A GCE and A B AE will be alike. 


75 Conſeꝗ vent. 1 
- 5 1, And 2 


CE : AE :: EG: EB By Theorezs 13. 
CE+ AE: AE: :EG+EB: EB. See Pag. 192. 
But 3/CE + AE=CA, EG+EB=ITC. And ER 
Therefore A: AE: TC: NC -_-- 
15 50 CA: AE: : 0 TC: ac 
0 2 | 
10 Aa Nc—o AB= 32 | 


ID EB - ABN AE 

C4 x 0 NC- 
e = 0 - | 
N 8 x 7d WF > ONC=ONCxoTC:—nABxATC 
Fi ONCxXOTC:—DOCdAxONC=OABxQITC 


11 TC: oO NC: : OTC—oc4:o 43 
That is, 2 T Cx CS: NC: :TC+CAxTC—CA: A 


Which is according to the common Properties of the 155 : 
Q D. 


Therefore the Point B is * found, 


Hlence 


2. 
VC 


Ice 
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Hence it follows, that if a convenient Number of ſuch Lines 
2s G E B, be ſo drawn (as above directed) from the like Num- 
ber of Points taken between C and x, &c. their extream Points 
(45 at B) will be thoſe Points by which (vith an even Hand) 
the Ellipſis may be truly deſcrib d, as before, 
But if this be well underſtood, it will be very eaſy to con- 
ceive how to deſcribe an Ellipfzs very readily, without drawing 
thoſe Lines, by having a thin, freight, narrow Ruler, juſt the 
Length of J C, made ſomewhat 2 at both Ends, upon 
which, from one of its Ends, ſet F the Length of N C. Then 
if the Point upon the Ruler which repreſents E be gradually 


| or eaſi y m, d along the tranſverſe T S, and at the ſame Time 


the Point or End repreſenting G be kept ſliding cloſe along 


the conjugate N n, tis evident from the Work above, that the 


End of the Ruler repreſenting B, will, by that Motion, aſſign 
the true Periphery of the Ellipfis requir'd, For by that Motion 
the freight Edge of the Ruler doth ſupply an infinite Number 


of the aforeſaid Lines, as will appear very plain and eaſy in 


Practice. 
. 8 


Now from hence was deduc d the firſt Invention of that well⸗- 
contriv'd Inſtrument for drawing an Ellipi by one Motion, 
commonly call'd the Elliptical Compaſſes, being uſually made 
of Braſs, and compos'd of three Parts, two of which repre- 
ſent Cor rather ſupply.) the tranſverſe and conjugate Diameter: 
ſet together at right Angles; and the third Part is a moveable 
Ruler, which performs the Office of the laſt mention'd thin 


| Ruler. But becauſe the making of it is ſo well known to moſt | 


Mathematical Inſtrument Makers, eſpecially to that accurate and 
ingenious Artiſt Mr. John Rowly, Mat he mat ical-Inſtrument- 
Maker, under St. Duiiſtan's- Church ia Fleet-ſtreet, London; 
no for his great Skill in contriving, fram ing, and graduating 
al Kind of Mathematical Inſtruments, may, 1 believe, be juſtly 
call d one of the beſt Workmen of his Trade in Europe. I think 
it needleſs therefore to give a particular Deſcription of that 
Inſtrument. _ Oe „„ 
Alſo from hence came that ingenious Invention of making 
Eng ines for turning all Sorts of elliptical or oval Work, as — 
bares and Pitture- Frames, ac. e 


B bb „ 
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Ch 
Seck 5. 5 Eli s Leing given, to „i its Tranfver 
5 and Conjugate Diameter. : 


| abe the given Ellipſis to be TN Sn (in the Ae 17.41 
_ - Scheme) in which let it be requir d to find the tranſverſe Dia- Ta 

mieter T 5, and its Conjugate N n. Br bot 
Draw within the Ellipſis any two right Lines & parallel to exc wo 


other, as Hh and Mm; and 


bDiſect thoſe Lines, viz. find the 0 
middle Point of each, as at X 0 
and P. Then through thoſe 1 
Points K and P, draw a right poi 
Line, as D A, and it will be "Hh 7 
Diameter ; for it will divide the un 
Ellipſis into two cqual Parts. (See 1 ; = 70 
Defin. I. Pag. 357.) Conſequent- mu 
ly the Middle of DOA will be the true Middle or common 2 

1 Center of the Ellipſis, as at Ec: | the 


Fẽ'or tis the Nature or Property of all Diameters, hom they ar fl 1 
' drawn in any Ellipſes, (as it is in à Circle) to cut or croſs one au = 


Z 6 tler in the common Center, or Middle of the Figure, as at C. give 


Ob pon the Point C deſcribe an Arch of any Circle that wil 

cut the Ellipſu Periphery in two Points, as at B and bh; then 
joyn thoſe Points Bb with a right Line, and it will be an Ord; 
nate, through whoſe Middle, ( as at 4 1) and the common Cen- 


5 ter C, the tranſverſe Diameter T S muff paſs. 


__ For BS b, and Ba is at right Angles with TS; then 

1 "Say the Line Bb is an Ordinate rightly appiyd to TS the 7 
_ tranſverſe Diameter. And if through the Point C there be 
drann the right Line Nu parallel to Bb, it will become the 
: Conjugate, as was requir 'd. | 


. Sect. 6. To > EA - Tangent or ri 7 os may bab 1 
Mo the Ellipſis Periz iphery i in any Nn d Point. 


-W ih: 
The * of Tangents to or from any - Prin in tin 
: the E/lipfs Periphery, admits of three Caſes. 1 4 


| ta 1. If it be requir'd to * A Tangent that may row 5 

the Ellipſis in either of the etream Points of its tranſverſe Dis 
meter, as at T or , it is plain the Tangent muſt be dra 

parallel to the conjug are Diameter N 45 as H K in the follow 
: ing Figure 18 ren 1 to be. 


44 
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le 08 2. Or if the Tangent muſt be drawn to rouch the lip 


in either of the extream Points of its conjugate Diameter, as at 


Nor n, tis as evident that it muſt. be drawn parallel to thße 
x4 Wl rranſverſe Diameter T S, as K A. N if that . 
ia· Tangent, and the Tranſverſe F „ 

both infinite / y con: inn d, my H 
ich would never meet. 


(aſe 3. But if it t be . 8 
Jo draw a Tangent that may 
\ %% the Ellipfs in any other 7 
8 point, as at B, &c. * — 
a Then if the Tangent and the 
ranſverſe Diameter be both combs they will meet in ſome 
Print, as at P; and thoſe tuo Points (viz. B and P) do fo 
murually depend upon each other, that one of them muſt be 


an n d in order to find the orher, That ſo the Tas may by : 
them be truly draws, Ee 


are let D TS. = As: andy = AP. Then fy be 


— 


in- 
zven, * may be found by this > Theorems; D1=21 2 Ca == 
ll 2 = 
5 | Or if & be given, bl may be found 7 this * 85 
So Thegem , , 
| | Demonitration. - = 


Draw the 30d b a, as in the e Figure ; then ll ” 
ABAP and A ba Þ be alike. Put x = Aa the Diſtance © 
between the two Semi-ordinates (viz. between 5 4 and b a). 
which we Iuppoſe infinitely ſmall. =» - 


Then 11K: &: BA: b 4. by Theorem 13. 8 
But] 2 D>y x93: DP T* i. UBA. cds 
That is, | 3 Dy—yy: D- 21x—Dz—zx:: DBA: Oba. 
in Js 4 XX: xX T- 2 A:: BA: 
Nuppoſe 5 x = That fo x may be every where rejected 
„ Then: 6 Dy -: Dr 34. b 
8 


[23:26 — 233 4: t 
Dy —y: -D zz : 
8 „ 9] 29zz22— D = 2yz— 2D% 
9+ 22j10[jz— 2 DZ =- D 
111 2 n 


. 
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3 | _Dy—y Which is the my Theorem, and 
: IT 7 12 1775 Neve the following Analogy. | 
Analogy 13 2 D—y 7 :D—y:z, Viz. CA: SA: TA: AP 
ib gol Dc 
14CO 15 DDD De+ 4 bb + 
15 ww 2116. Jn TOES TIF „ DD+44 a4 


That i LD 75 455 Which is the 24 
2 + 2 F ee ee Zier | _QED, 


The G amet ical Peiformaica of theſe two Theorems is * 
eaſy, as by the following Figure. 


I. Suppoſe the Point B in the F lipſis Periphery were given, 
and it were requir d to find the Point P, &c, 
Make TC Kadius, and upon the common Center C deſcribe 
| the Semi- circle T dS, and joyn the Points C and d with a right 
Line; then biſect that Line, (by Prob. 2. Pag. 287.) and 
mark the Point where the hiſecting Line would creſi the tranſ- 
verſe, as at e. Upon that Pint e, with the Nadia Ce (or C4) 

deſcribe another Semi- circle, producing the tranſverſe Di meter 
to its Periphery, and it will aſſign the Point P. 


For if DOS. AS. = AP. as before. 
Then[1| P U . 
And 2 +D —jxa=nddl © 3 
"Portal T 4:44: e 
And 04 4% % 4. AP. 


T the Point P is truly a 
found. Conſequently, if a right Line be drawn through thoſe 
Points Band P, it will be the Tau requir d, . to 


8 the firſt Theorem. 


2. The Converſe of this is as eaſy; to wit, if the Fin? 


be given, thence to find the Point B in the Elipf s Periphery, 
Thus, circumſcribe half the Ellipfis with the Semi- circle T, 
| as before ; and liſett the Diſtance between the Points C and p, 
as at e, wiz. Let Ce e P. Then making Ce Radins, up- 
3 the Point e deſcribe the Semi- circle Cd P; and from the 
Point where the tuo Semi- circles interſect or croſs each other, 


as at d, draw the right Line d A perpendicular to the trarfurſ 


n. 1 


fm. Ps 


OG 6. Ge ans. - ad. on. a 


| © | 4 8 . 75 
7 | £ : PS | SP . 4D | \ 
But 2 > D —, mm os 8 | | SJ 
| 3333 Ls; / F P 
1,25 N 
265 15 at the 11 Step before, = =. 8 


V. 
id 


following Way 


ne d Figure. Next ſet 1 (viz. 


and join the Prints Fd (or F D) 
with a %7 Line. 


drawn through the Point of C tat 

b (or B) parallel to dF, or (DF) 
| - will be the Tangent Cr a 
1 For it is plain, that as the . VH LENK when the 
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7 75. ad it will aſſign the Point of Contact B in the Ellipfs 
Periphery through which the Tangent muſt paſs, 

But a practical Method of drawing Tangents to any afſign'd 
Point in the Ellipfis Periphery, may (without finding the aforeſaid 
Point P) be eafily deduc'd from the following Property of Tan- 
_ drawn to a Cirele, which is this, © 


If to any Radius of a Gch, as C B, 
4 be drawu a I angent Line (as HK) = 

to touch the Radius at the Point B, 
te two Angles which the Tangent 2 
makes with the Radins, will always be \ 
two — ot Angles (16, 17, 18, 1 
Euclid. 3.) 5 


K 


That is, LHBC= LCBK= . 


In like manner. the ewe Angles made between the Ta ent 


and the two Lines drawn from the Focus of an Elli * to gl OD 
Angles, 


Point of Contact, will always be equal, bur not right 


ſave only at the two Ends of the tran 8 ſe Diameter. 8 
Iheſe being well conſider d, and compar'd with what bath 


been ſaid in Page 366, it muſt needs be eaſy to underſtand the 

of drawing T angents to any aſſign d Point | 
the Ellipſis Periphery ; which is thus. 55 
Having by the tranſverſe and conjug ate Diameters fd the © 


two Focus's f and E, by Selt. 3. from them owed 0 o right — 
Lines to meet each other in the 
aſſign d Point of Contact, as f band 


Fb Cor f Band FB) in the an- 
make) bd = F, (or BD =BF) 


Then 


ſay, if a right Line be 


ent is parallel to the tranſverſe Diameter, even ſo is the 
Fi b=LES , (and Lf BH= FBK) and will be 


_ where ſo, as the Point of Contact h Cor B) and its Tan- 


7 nt, is carry d about the Ev Ferighn] with the Lines f bF 
(er of BF +. TE | 


CHAP. 
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* 


SA N 
| Concerning the chief Properties of every Parabola. | | 
Ote, In every Parabola, the intercepted Diameter, or that 


Part of its Axis which is between the Vertex and that Ordinate 
_ which limit? its Length, as Sa or S A, &. is call 4 Abſciſſa. 


Sect r. The Plain or Figure of every Parabola, is proportion d by 
its Ordinates and Abſciſſa's, as in the following T heorem. 


| A. any one Alſciſſa: is to the Square of its Semi- 

Theozem.s ordinate : : ſo is any other Abſciſſa : to o the 9 

= Cf its Semi- ordinate. 
hat is, if we ſuppoſe the annex d Fi- 
| gure to be a Par abola, wherein Sa, and 
SA, are Abſciſſas, and b a b, BAB, 

Ordinates rightly apply d, it will- 


whereſoerer er 
de Sa: Oba: : S: U 240 the Point: * - 1 
Or $a: SA:: Nb: OBAL ; ee, pf _ . 6 
and fo for any r Abſciſſa, &c. 


' Demonſtration. = 
12 the 93 Figure HVG repreſent a right Cone, cut 
into two Parts by the right Line & A, parallel to its Side V H. 
Then the Plain of that Section, viz, BSB B will be a Para- 
ola, by Sect. 4. Page 358, wherein let us ſuppoſe SA to be us 
Ari, and bab, BA B to be Ordinates rightly apply d to that 
a 
Again, Imagine the Cove to be cut by the right Line h 2 
parallel to its Baſe HG. Then will h g be the Diameter of 4 
Circle, by Set. 2. Page 357- And 4A 8 ag like to A SH6: 
Sa: 4g :: SA: 4 3 | 
Th * By Hee 13. 5 
5 | Sax 4G=SAxag 1 os 
Sax AG N HA SANA * 
2 u ha 1 1 © 8 
1 HA=ha becauſe 54 
1 408 18 parallel to H | 
DBA ByLemma 
58 ba=ag the 357. 
i | n 
Oe 54: 0 ba: SA: 034 e 
| e Page 5 
FCC 2 E. D. 


J 


* 


1 al 


Con, equently = 
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© Theſe Proportions being prov'd to be the common Prawn of 


every Parabola, all that is farther requir d about that _— 1 i 
or Figure, may from thence be eaſily deduc'd, = CS 


| 8; 2. To fud the Latus Refum, er right Parameter — 


f any Parabola. 


The Latus Reflum of a Parabola hath the me Ratio or Po- | 
portion to any Alſciſſa, and its Semi- ordinate, as the Latus Re= 
dum of an Ellipſis hath to its tranſverſe and — — | 


; and may be found by this Theorem: BE, 


, A any Abſeiſſa: is in Rn to ur Steben — 
Theozem.{ : oi is char Semi · ordinate: to 85 Latus * : e i 


let L= = : the Latus Rachen. 


8 Then S: 14 de. IL where · e ver the N 4 „ — 
11 are taken i in he Axis. „„ 


And 2 84. BA:: BA: L 
2 Or Sax L= 2. 


24 or SAX L=034 Ho 


3 = 4 5 os: By Axim g. 


5 X [6] 564 BAS ANNA Which bier this * 85 
Analogy S4: b:: SA: UBA The fame as at the N 
Step of the Ma Proceſi; therefore L (thus found) is the true 
Latus Rectum, by * all the Ordinates may be regulated and PT 
found, according to us Definition in Section 4. Page 358. 15 


Fur by the third Step Sax LN And by he 


ath Step SA x X LS I B A. . x L=ba = 


And V SAX SAxL bs and (5 for any other Ordinate. 
Or if the Ordinates are given, to find their Alſe ſeiſſa's ; 63 - then . 


it will be, ks fb 234: S4. And L: BA:: : BA: $4, .. 


4. _— 
And os a, =5 4, ** 


From * Confideration of theſe Proportions, it will he eofy | 
to CONCELVE * to find the Lata, Rectum Geomerrically, thus : 


Join 
w : 


, Print where the hiſecting Line doth in- 
terſect or croſs the Axis, as at E, (ore) 
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unn 


' Join the vertical Point & of the Axis, and either extream 
Point of any Ordinate, as B, (or b) with 2 gr Line, viz, 
SB Cor Sb) and biſef that Line, (by 

Problem 2. Page 287.) marking the 


and with the Radius SE (or Fe) upon 8 
 . the Point E (or e) deſcribe a Circle; . 
| (as in the annex'd Figwe) then will the © / 
Diſtance between the Ordinate and that 5. 
Point where the (Circles Per iphery cuts !. A 
the Axis, viz. AR (or 4 70 be the une 
Latus Rectum requir 'd.- 


For SA: BA:: BA: AR. And Sa: bat: tas ar. By Ther. " 


Therefore AR = * . EL by the 1ſt and 3s 85 
Con lay. 


Re, above, 


From theſe Niete of finding the Low Fals, it will 


be eaſy to deduce and demonſtrate this following Theorem, 


EO As the Latus Rectum : is to the Sum of any 0 
Theozem{ gr,, : ſo is the Difference of thoſe tuo 


mi-ordinates : to the Difference of their Abſciſſa's, 
| Suppoſe any right Line drawn within the Parabola, as b P, 


55 parallel to its Axis S A; then will that Line (viz. b D) be a 


Diameter (by Def. 5 Pag. 359.) which will make ED=AB+ 4. 


DB = AB—ab, and bD = SA— S4. Then it will be 


L * D: DB: h D, according to the Tleorem, 
5 Demontkatton. 


Ful] 5 2 
8 Jof the i Pre 


 Andf[2 n - By I" 

„„ of the hb. C 
„„ B A— 5 k — 
126548. = e 5 

3 * Ls td: 1 

| But 5 OB. DBA T Which gives 
4, 5, 6|S4—SxL=B AFbax BA—ba 

6, Analogy L: BA+ba::BA—ba: 3474 


b following 


ö 


N 
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TP bi ks 8 of the Parabola was firſt publiſh'd, Anno : 


1684, by one Mr. Thomas Baker, K. ctor of Mae Iym:on in 
Devonſhire, in 4 Treatiſe intitled. The Geometrical Key: Or. 
The Gare of Xquarions unlock'd ; whercin be bath ſhew'd the 
Geometrical Conſtruction and Solution of all Cubick and Biquadra- 
tick adſe ted e/AEquations by one general Methed, which ke 70 3 
Central Rule, Arduc 'd from this pecs: iar Prop: ry of the Par abola. 5 


Sect. 3. To find the Focus f ary Turabola. 


The Focus of every Parabola is that Point i its Axis through | | 
which the Latus Retlum doth paſs, (S. e Definition Þ ck. 4. 
the Para- 


= Page 359.) Thi refore its Diſtance from the Vertex 


L 


eee 


, xs 


hola may be eaſily found, either hy the Latus Rectum i it ſelf, or 5 
by any other Ordinate and its Al ſciſſa. 


Thus, ſuppoſe the Point at F to be the feu, $ the Vers In = 


tex, the Ordinate RER L. the 5 
Litus agar 3 and bab my other 8 
Ordinate. OO 


i Then will nerd ons. 7. 1 
' Demonſtration. 
Putt 11 SFx FR By Seck. 2. Page 375. 
And 2 FN EL. For the Ordinate RFK =L as above, 
2& 2 3 KHL 


9 „ 3 4 N E IdE 


4 * *j5 SF=iL As by Definition 4. Sell. 4 Poge 3 555. 1 


Again 6 eng = L by the third Step in og 75. 
. | 12 TA ar. As above. = QED, N wm 


"ed 4 To Deſcribe » or 4. a Hoke ſeeeral Ways. 


Note, There are two or three VV ays of drawing a Parabola i 
infrumentally at one Motion; but becanſe thoſe Inſtruments 
| or Machines are not only too perplex'd for a Learner to manage, 


but alſo a little ſubje# to Error, I have therefore chaſen to 
ſhew bow that Figure may be ( the beſt) drawn by a contument 


Number of Points, yiz. Ordinates found, either Far Fel "I 


Geometrically, according to the Data ; which, if the Work o 


the three * — — le very eaſy. 
7 +4 7 — —¾¼4 "IR : 


1 5 it will de f FB. 


— — — — 
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bs ” If any Ordinate and its Alſciſa are given, there may by 

them be found as many Ordinates as you pleaſe to aſſign or take 

Points in the Parabola's Axis, (by Seft. 1. Page 374.) and the 

Curve of the Parabola may be drawn by the extream Points of 

thoſe Ordinates, as the Ellipf; was, Page . 

2. If the Lu. Rectum, and either a iy * or its Abſciſa, 
are given, then any aſſign d Number of Ordinates may by them 
de found, (by Sc. 2. Page 375- J either N annonces. or Geome- 

trically. Kc. 

1. Fa the Diſtarce of the Focus from the Vertex of the 

Parabola be given, any aſſign d Number of Ordinates may be 
Found by it. For C F L the Laus Rectum, and 3L FR 
as in the laſt Scition ; and it will be, as SF: is to * FR:: 
ſo is any other Abſciſſa (viz. Sa, or $4. Se. ): to the Square 

of its Sci ordinate, (viz, Oba, or O54 p according to the 

common Property of the Parabola. 

Altho' any of theſe Ways of finding the Ordinaes are eaſy 

* enough, yer that Way which may be deduc'd from the fol- 

lowing N . will be found much more ay and mrady i in 


l Praflice. = 


-The 3 TP any Afeſſa and heal Difanc jo 
— the Vertex, will be equal to the Diſtance {rom 
. E:opoſtion the Focus * the entre _ Point of the Ordinate 

| 5 which cuts ff that Abſciſſa. = 


7 Inftance, ſuppoſe S to be the Vertex of 
any Paralola, the Point F to be its Focus, = 
and AB any Semi-ordinate rightly appilyd to |, ©. 
its Axis SA. Then 1 ſay, where ever tie | X 
Print A is taken in the Axis, it will he 5 
SA+SF=FB, Conſequently, if $ f= _ SF, 9 8 


x Demonſtration. 
5 Firſt] 1 SP 1 by the 7th Step, Seck. 3: 

Ergo 2 14 E 44 2 by Cnf C: n/fruttion above, 
2&2] 3j OfA= DEFA+EFA%T: 4 LL 


4 * LI 5 Ax L= FAX L. ＋ LI. But SAXL = 0.48 
Ergo O4B=FAXL: r 
3 — 6] 7| OA—QOAB=QFA4. Conſe. G FAN 0.48 
But] 8 DFA+ OAB= OFB. By Theorems Ih 
Ergo 9 D 5 
20[10-f4=F8 QE.D. n=” 
— C This 


1 
2 
Agan} 4 SA=F A + 41 by the Suppoſition and Rene Ts 
J 
6 


aw. oe. ß aft wa” 


e 


| Tangent will interſect, (or meer with) __ 


| if from the Paine of Concat? R, there 
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This Propoſition being well underſtood, it will be very ak ly - 
apply'd to Praflice, ſuppoſing the focal Diſtance given, Or a] 
other Dara by which it may be found. 

Thus, draw any right Line to repreſent the. Parabels 8 Aris, 
and from its vertical Point, as at S, fer off the foca! Diſtance both 
upwards and downwards, viz. make $ f= SF the Diſtance of 
the given Focus from the Fertex, as in the laſt Scheme. Then 


by the Propoſurton it is EVIVENT, that if never ſo many Lines be 


drawn ordinately at right Angles to the Axis, the true Diſtance 
berween the Point f out of the Paral ola, and any of thoſe Lines 
(or Ordinates ) being meaſur'd or ſet iff from the Forms F to the 
ſame Line (or Ordinate), it will gn the true Point in that 
Line through which the Curve muſt paſs. That is, it will ſhew | 


the true Limits or Length of that Ordinac, as at B1 in the laſt 1 


Scheme. | 
Procee ling on in the very ſame manner, from Ordinate to 
Ordinate, you may with great Expedition and Exactneſs find 


2s many Ordinates Cor rather their Points only, like BY) as may 


de thought convenient; which being all enn 4 — w in an 
even Hand, will form the Parabola requir'd, . 
N. B. The more Ordinates Cor their Points) there are * . 
and the nearer they are to one another, the eaſjer and exatter may _ 
tve Curve of the Parabola be drawn. The ſame is to be objerv'd 
when any other Curve is requir d 10 be drann by Points. . | 


geg. by To draw a Tangent to any given Point ; in : tle 


Curve of a Parabola. 


| Tangents are very eaſily drazn to the : Gave of any Pra. 
For, ſuppoſing S to be its Vertes, ö 
B the Point of Ointact, viz. the Paint > 
where the T angent muſt touch the 
Carte, And P the Point where the 


the Parabola's Axis produc d. Then © 


be drawn the . Semi-ordinate B A 5 
right Angles to the Axis SA. where- 


beyer the ed A falls in the Axis, it wil be Ses 4 


Demonſtration. 


Draw the Semi. ordinate ba (as in the Flows ) thin wilt 
the & #47, ns a ba? be alike. Let J= AS the Ab- 
a 8 — IJeiſſa, 


—_ 8 r 
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1 


ſciſſa, and 725 S p; put x= Aa the Diftance beteten 1 the 
two Semi- ordinates ; which we ſuppoſe to be * near each 
other, as in the Ellipſi, Fas, . 


Then] 104: BA: „ * th Show in Th 
© Or; 2% T =: „ rr; B A: ba. See Page 192 ; 
| Again 35 0 BA: L*: nba. By 7 heorem Page 374. 

3, Or 455 ) T:: BA: 1 — 8 ; 
13+ 298 + EB? I) 2 +215 +25 4 J 4 
2001808 Lint XX: A. bonh 2 

e 759 IS TSS 10 +29% 4 5 

* e T T2 Tr 8 

6 fo | Cons eee = 

1 T2) LT 2) TTT . | 

? 8 ee Conſequently | *=+3 x il = 
| Suppoſe | 9 | 1585 And rejetted, as in the Ellipjic, Page 7. 

Then jel — = =] Conſequently a VL = =} 7 | : - 

To 211 = ts SP=SA, „ 

" f 


CHAP. I. 


| Concerning the chief Properties of the Oyperbola, 


TQte, Any Part of the Axis of an Hyperbola, which is inter 
— 1 cepred between ics Verteæ and any Ordinate, (viz. any inter- 
| cepted amend is call da an Ab, «a in the W 


La I. 
The Plain of ad reg Is proportion'd by this is ger 


Theorem. 


TY 4 the 85 of the Tee. 4 any „Abdi | 
8 3 multiply 4 iy that 3 * Fg x. 4 
The its Sem1-ordinate : : ſo is the Sum of the Tran ſverſe 
* heozem js any ather Abſciſſi multiply'd into that Ab- 

| _-vlciſſaro the Sqnare of its Semi-ordinate. 


| unt 


th That is, K 7 $ be the tranſverſe Diameter, 1 us 
ich ad $58 „SA, Abſciſſi's. „„ 
„B A, Semi-ordinates. 1 
oF =T S+$Sa. . 1 
13. Then is 
| THE 13 * SA. 
Th And it will be 
+ Tax S Al: TAN S4. O34 
: „ | That TS 
＋ 22 Se: N ba: ETS+ SARS = 34 
Demonſtration, 7 „ 
Let the following Figure HVG a a ri 1b har & cut into 
| two Parts by the right _ SA; then will the Plain of that 
I Seftion be an Hyperbola (by Seft 5. Chap 1.) in which let S4 
1. de irs Axis, or intercepted Diameter, 540, and B AB, Ordinates 
nabth apply” d (as before in the Parabola), and T S its tranſverſe 5 
7 Diameter. 5 
Again, if the Cone is foppos'd to be cat by bg, parallel 9 
D. iss Baſe HG, it will allo be the Diameter af Circle, Oc. azin 7 
the Ellipſis and Parabala. 
— Then will the Sg and ASGA : 
be alike, alſo the A Tb and 74H 
will be alike ; therefore it 5 
in be 16 232 84. 40 
And z: 46: : TA: AH 
1E AG SAN 
of 2 HA AHSET Axah 
Tr en dH=- | 
3X45 =5 Ax TAXagx ab _ 
| Ne g X ah =Qab 
TW AG x = AB 
4 5 And 7] I By Lemma Page 357. 
Sax T* NAB . 
* 5 6, 7 =SAxXTAXQab . 
＋ | Which give the following PTR 5 
ſe 8 Anal fs. T 4: SATA. n AB, &. 
MH — ca 


2 4. 5 | "Concerning ps ypertola. 3381 


1 ; 1 
ö l 
N 
. | 
9 
7 
; 
1 


| Theſe 


Deng had to changing of the Sign. 


3 "Contek Semons. MW Part W. bar 


nnn. 


Theſe e are the common property of e every Hyper bola, | 
and do only differ from thoſe of rhe Elipfi in the Sign. + Th 
And —, As plainly appears in all the 7 
following Proportions. 

hat is, if we ſuppoſe 78 the tranſ. 
verſe Diameter, common to both Sections, 
(viz. both the Ellipſi and Hyperodla) = as 
un the anner d Scheme, | 


Then in the Ellipfs s it will be ; 


7 004 :T'S—SAXSA:0 AB 
(As by Sect. i. Chap. yo 1 Vo 
5 And in the Hyperbula it is Fw 4 ns 8 N Le 
TS+SaxSa: ab: IST SASH: A5. F oy 3 then 
As above. | 5 | . the 1 


And therefore all that is farther requir'd in the Hyperbola, Nbere: 
may (in 4 manner) be found as ur the 5 due "_ 


See. 2. Ty fnd the Latus Reftum or | Right Para * 
. meter of any Hyperbola.. 


From the iſt Proportion take either of the Gund adj its 
Onſequent, viz. either Tax Sa: ab. Or, TA x SA: DAE. 0 

To them bring in-the Tran werſe T 5 for a third Term, and by © 

thoſe three find a fourth roportional < a in ther Om? and 1 


that will be the Latns Kectu. 55 Tha 

a Thus 1 Ta 1 84 oO Py Fs: 0 abxTS_ = the Law 1 
5 TAN S4 perl 
een which call L Cas in the Parcel + 1 1 
Then 2] Ts. L: TAX S. 65:--- 28 2 
But 3 T4 * S4: 4b: : TAN SA: AB. Theron 
2 3/4 TS: L: TAN SA. oO 4, K. 5. 
| 5 | | Dr 


| Gnſepuenth L is the true Lars Sade or * Parameter, I to 
by which all the Ordinates may be found, according to its Dez- 
nition in Chapter 1. 


N And becauſe TS Sa = Ta. Let i It be TS + Sa, inflead of Ta Th 


Then it will be — 1 
FS. 084 Fe 


"ind 3 in | the Eliph i it neal1 be, 0 4b * LES: 
= See Seck. 2. C740 2. P- 


=L2=Lf; 
— 


— 
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Set. 2. To nd the Focus of any Hyperbola. 


The Focus being that Point in the Hyperbola' s Axis, through 
which the Latus Rectum muſt paſs, (as in the Ellipſi and Pare 
10 it may be found by this Theorem. eg 

o the Reflangle made of half the m e into. 
\kalf the Latus Rectum, add the Square of half the 
Tranſverſe: the ſquare Root of that Sum will be the 
) Diſtance of the Ficus from the Center of the Ton: 


+ bola, 

3 Demonſtration. 
1 Sopot the Print at E, in the anneæ d Scheme, to be the 
Fic fought. Then will FR — EL. 1 50 
\ let TC Cs be = the Trasfoerſe ; 3 „ 

then is the Point C call'd the Center of 17 

the Hyperbola (for 2 Reaſon that aal be; 5 
, ¶ bereafter ſhew'd.) „ 7 
id Again, Let CS=d. And SP=a 
= Then|1|2d: L:: 24 + axa: ILL 
. Thar is, 2 TS: L:: TS SFK FS: F 
: 3 r 
% % L 24 +46 
* 4 ww 2 5|v/dd + $dL= d = N 
Or, 5—1 5 E 
ln the Ellipſis it is, 24: L: : 24 —4X4: ILL 
That is, 24L = 244 — aa, Ke. 


a 7 


Theozem. 


” The Geometrical Effecdion of the lat Thewem is very 4 . 
perform'd. thun 
Make S = L, viz, . half the Lat Reel ; and ler CF=4, 


25 above. 


Upon Cr Cat 4 28 ) deſcribe ' 
ircle, and at S the Verteæ of the Hyperlola. 
Draw the right Line nSN at right Angles 
to Cx; then join the Points CN with a 
right Line, and 'twill be CV = ATA FC. 


Forſ1 CS: SN: :SN: Sr By . 


23 


4 That is, 2 4: SM: : SN: L. 
3 HL =OSN . 
But 4 4d + ASN — OCN 
3, 4{iSldd +3dL, =Q CN 
2 e C A &, 


— _ — — 
no ne tas Ee vE- tt  - *- N 


2 EConick Sections. Part Iv. 


verſe Diameter, common to both Secliont, 
5 | Ul the annex'd Scheme. 1 N 
1 T'S—SaxSa: Dab :: T= SAN SA: 0 5 19 5 A 
| (As by Set. i. Chap. 2.) 92 — 


TSA SiS: Cab: ee, 45. 
As above. / 


| Thus |x| Freon $6: 0 ab: TS: 


dee Self, 2. K 2. TSxSa: 3s: - 


Theſe . ate the common property of every Hype * 


and do only differ from thoſe of tlie Ellipſis in the Signs + 


And —, As plainly appears in all the 


following Proportions. 80 Fo T | 


That is, if we ſuppoſe 7 L. che ran. 


771 
* 


(viz. both the Elipſi and — a8 B— 
1 

Then in the Ellipfs it will be — 

, 


> 


And therefore all that is farther requir'd in 4 Hyperbola, 


And in the Hyperbola i 5 2 
P 


may (in a manner) be found as ili the Eg due * 
; being had to changing of the Sign. 


Set. 2. To fud the Latus Rerum or Right Para 


meter of any Hyper bola. 


"Bis the 11ſt Proportion take either of the Antecedents and its 
Cinſequent, viz. either Tax Sa: ab. Or, TA x SA: DAE. 


Io them bring in-the Tranſverſe T S for a third Term, and by 


thoſe three find a fourth roportional 0 as in Fe E and 
that will be the Laus Recta. 5 


A. dem, which call I. ( 45 in _ . 7 


Then 2 Te. 15 ü: TAN 54: 46. 
But 3 T4 xXSa:fhab:: 74144. 9 A3. | Therefor 
INES: Lt TA oO AB, c. 


— 3 
bt. — 


egen x is + che tru? ta 5 Ka, or r rig be Poomte, 4 
- by which all the Ordinates may be tound, according to its Deß. 
nit ion in Chapter 1. 


And becauſe TS Sa =Ta. Let it be T5 Ss, inſtead of Te 


Then it will be 3 


IS SA: 2 7 2 | 
Ad is 3 Elliphs it ul 5 7 hs] TS __ 1 Z 2 IL. 


Se. 


= the Lam 


. Again, Let l And 8 
| That is, 2 
|: 3 F.6d 1 dd + dL = dd + 2da+4a_ TS 
5 


. 


That is, 2d: SV:: SN: iL 


mig 
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Sec. 3. To find the Focus of any Hyperbola. 


The Focus being that Point in the Hyperbola's Axis, through 
which the Latus Rectum muſt paſs, (as in the Ellipis and Pare 
ola) it may be found by this Theorem. 


Jo the Rectangle made of half t 1 Trinkins 5 i 
\ kalf the Latus Rectum, add the Square of half the 
Theozem. 


7 * of the Ficus from the Center 192 the — 
bo a _—_ 
Demonſtration. 5 
Fu mY the Point at F, in the annex d Scheme, to be the 
Focus E Then will FR ZI. 5 5 
Let TC Cs be __ the Tranſverſe ; 
then is the Point C call'd the Center of 
the Hyperbola (for a Aus that ſhall be 
hereafter thew'd.) 5 


Then 1 2d: L:: 2d T ax: =_ 
TS:L: : TS+SFXES: FR 
24L — 24. + a6 | 


4 w 2|s|Vdd+HdL=d+a=Fc,/ | _ 
Or, 5d lv AF HE—td=e=8r 7A. 
In the E/ ipſis it is, 2d: L:: 2d —4 * a: ILL. 


That i is, 2dl. = 244 — ad, Sec. 


Thy Geometrical Eff-dion of the laſt Theorem is very n 


perform d. thus 3 
Make Sæ —= iL, Viz, f the Lat Ed,; and let CS = =d, _ 


EN above. „ 


| ; r 855 

_ Upon Ce (as 4 Tiki 3 deſcribe x A — 75 55 
Ircle, and at S the Vertex of the Hypertole, 
Draw the right Line nSN at right Angles | . 
to Cx; then join the Points CN with a 
right 1 „and twill be CN d+a=FC. ; 


For|1 CS: SN: : SN: Sx By Fe. 


2 — 3 YL =DOSN „ 
But 4 4d + OSN = ON. 
415 
6 


dd + dl. CN 3 
TT ME CA. &, 


5% 2 


Tranſverſe; the ſquare Root of that Sum will be the 


| 


— — — — ——— — e mn eos 
- 


26} 4d + 4dL= 1+ det a= OFC=ns 


— 


= " Conick Setions. | | "Part Ir 1 
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Now here is not only found the Diſtance of the — 


Focus, either from its Center C. or Vertex S; bur here is alſo 


found that righe Line uſuilly call'l its conjugate Diameter, 
viz, the Line SN, which bears the fame Proportion to 


the Tranſverſe and Luus Reftum of the Hyperbola, as the cm- 
jag ate Diameter of * . doth to its Trauſverſe and Latw 


Rec mw. 


For in the Elli TS: Vs: : WS: LR. By Sell. 2. Pag. 363 


"Conſequently TS: Nn: 1 Nun: LX. 
0 But TS =d. VI 2 SN. And 3 L ESI. 


5 e 4: SN: : SN: 11. as at the ſecon Step above. 


What Uſe the aforeſaid Line nSN i is of, in relation to the 


Hyperbola, will appear farther on. 


Sect. 4. To Deſcribe an Horbols 3 in . 
In order to the eaſy deſcribing of an Hyperbola in Plane, it it 


will be convenient to premiſe the following Propoſition, which 
differs from that of the Eltipſs In Sect. 3 6 


ap 2. only in the 


8 — : 
T7 from the Focus's fa any n there be 
drawn two right Lines, ſo as to meet each other 
in any Point of the Hyperbola's ( urve, the Diffe- 


Jrence of thoſe Lines (in the Ellipſis it is their 
Sum) will be equal to the tranſverſe Diameter. 


That is, if F be the F.,cus, and it be made Cf =CF, (ar 


— is the laſt Scheme) then the Point f is ſaid to be a Focus out 
of the Section (or rather of the oppoſite Section 9. and it will ke 
5 f — =. 7 S. 


Demonttration. 
Suppoſe (C. or (Fx, and SA x. Let cs, or e 


ed, ay before. | 


- Then will A= d+x+x, And FA= 1 


. Again, ler TB =ö, and FB=b. Then 24=b—b, by 
55 the Propoſuicn, | 


1 From theſe le Letters it follows, 

That 1% + 2dx o+ 24% + xx + 2 0 4 

8 And, 2 dd + 24x—2dz + xx —2zx +22= OFA 
But Of4t 0O4B=n0f8. And {4+QA8=OaF8 


3—dl 


7 Chap. * eee the Dyperbol a. wy = 


8. 1 dd > Ee HL 

= ff [= —dd 

fo 4 => 24 5.— 7 — = | | 

7 „ | 

to Again 6/21: L: 2d + * *: Oo 1 AB By com. e 
. „dd 

pf 5 6 7 = a 24 + * UA 


Tu S — 2dddx — ddxx 


3. 17 ad . 
+ 2d. ＋ ids + xx + 2 WS 


Ll; + $ 942 1 3h GE Ad 


* e e 
he dd + 201 - 24s + #x— 20 = 


> ＋ JO 2dr TN - 2d — 1e _ | T 
eee 
Noe die zb dds * dN 2dr CNR 
it 18 * dd. 24.—2 4 pre e 4 eee 
1 % 213% K ds ＋ = = 4 


ch | 
he 12 d 2.144 — 3 LN = db 5 wy the 8 AEmat; on at t' 'e 

| | : 3 : SO. Ry 77755 S 5 be 11 it jelf impoſe 

12 2 4.1 5.4 1 . WE ale . becattſe & bs ETeatey 
be 3 | [ e 4 | | than d; (iy 4th Step) yer 
er 5 Re: x 1m FE LSSE 1*.;!l be ea 
2 14 — 4 — ks 7; n -29ucitde, 204 t the D. 8 
. 16, Or 17 z — 2 — 42 1 5 : | kh 3 3 oft, 
ai 4-4 8 12 4 * 5 M454, tie 1. JOE 

_] 1824 — — 5 5 

wa 3 : Ts 
te But becauſe 1 would heave no Ro dom ror the L. ar cer co Jou. ' 
. out. ck 42591 the 8 (10, 4a — IF = þ into that 

of 2 * — 4 =þ, ir m'y be convertert to i laſtrate the 


* waole 8 9s in rs uh reby 0 pre. me) it will Plainly | 

„ | Si 
I Order to that, Let che tranſuer! 2 7 5 9 24 12. 1 426 fe 
duppe 0. the Abjerſſa SA= x — i; And the Sni. i nate AB=3 | 
kuſt 1175 ＋ SAN A4: 0 48: TS: L. By Set. 2. 
„ Viz, 2412 T4 *£4= 64:9: 1 TS 2 . 

Again 3 dd + EiL = dA = CEC By Leck. 55 | 
A Viz. 736 ＋ 8625 — 5 La lk Z 

Then 54 VV 3 

4 And e D . 35 FA 


zs Conick Settions. F. 


> 2 8 1 oi4 | | 

S. 2 12,9024 = UFA 

| But | : 9 = AB For AB—3 by S. ppoſſtion. 1 0 
779110278, 2224 UA ABB 

8 + 9]tl| 25522 24 = EET DAT xz FB 

EE 10 w 212 1668 =fB | 
| = 3 2 + 1 8 4,08 —FB f of 
| Ds 12—13114 12 ,90 = f B=FB=TS. Which was to be prov'd 


If this Propoſc tion be truly underſtood, it muſt needs be aß Bl 
to conceive how to deſcribe the Curve of any Hyperbola very 
_ readily by Points, when the tranſverſe Diameter and the Focus 
are given. (or any «ther Data by zkich they may be Jane, ain 
the precedent Rules.) Thus, 
Draw any ſtrait Line at Pleaſure, on it ſet off the Length of 
the given tranſverſe J S, and from its 5 
extream Points or Limits, vw 7.3. fee. T = 3” 
of Tf = SF, the Diſtance of the OG 
given Focus; (viz, the Point { without, 


and F within the Section, as before) that VVV 
done, upon the Point # (as a Center) Yi - 
with any aſſum' d Radius, greater thn &e | 
TS, deſcribe an Arc of a Circle; 1 2 F 9 
5 then from that Radius take the „%%% Ä 
derſe TS, making their Difference a : : * 

: 3 


ſecond Radius, with which upon the * 
Point F, within the Seflion, deſcribe #7 i 
another Arch to cut or croſs the firſt Arch, as 5 at . "Then will I} 
that Point B be in the Curve of the Hyper lola. by the laf Pre- 
poſition. And therefore it's plain, that procceding on in this 
manner, you may find as many Points (like B) as may be 
thought convenient; (the more there are, and nearer they are 
together, the better 23 which being all jon'd together with an 
>” _ C as in the Par hats ) wi form the wee re- 
quir oy | 


I here are e ſex eral other Ways of delineating an Hyperlola in 
Plano; one W. a is by fi ding a competent Number of Ordi- 
nates, as by Sect. 1. Kc. But 1 think none 10 eaſy and expe- 
Aditi zus as this cchanical Hay ; I thall therefore, for Brevity's 
ſake, paſs over the reſt, and leave them to the Lauer Fre- 


Ace, as t er deduc'd from what hath been already 
aid. | 


7 0 


Chap. 4 


_ Concern the © Hyperbola 5 _367 


dect 5. To dra a Tangent to any given Point in the 5 


Tie drawing of a Tangent that will touch any given Point 
in the Curve of an n may be eaſily 1 by help 
of a Theorem, as in the Ellipſit, Sect. 6. Chap 2 


SFS the tranſverſe Diameter. 
= the Latus Reftum. | 
Y=8Athe Abſciſe. 

| the Di/fance between the 
ho! 2 = = 4 Ml 


Let 


Then if y be "_ z may be found 
by this The e ET 


TY >: 
Which differs from that in th Ellipſu 
| en.) in the Signs, vile Page 371. „ 
8 Or if z be given, then y may be found 4: this Theorem. 5 5 | 


 Theozem, . los, 1 


ar x = Aa * infinite ſmall Space between the two Semi- 


Then 
Thar 18, 


1 gain | 


r= 


Thats, 


: g 
by Figure | 


7 in Qs 
3 


Then "7 9; 


_ 


| 


| 
| 

1 che Semi-ordinate b a, as in the Figure, and 1 ny | 

| 


L 


2 


Curve of an Hyperbola. 


T 


Ordinate, and that Point 
in the Tranſverſe cut by 
the T angenSt. 15 


15 ＋ 


an 


| 
ordinates. As before in the Ellipſi 5 Kc. . "21 
D: L:: Dy): D AB 1 e | 
. IS TSA a 4 . 
D „ 
ee en „„ | 
2 TN ebf Er- 0 9 
J MEND 
EDE EEA | 
* | 
L AB:: 2 — r: ab Viz. P.4: 4B: Pa: . 
22 O48: * rr Nx: 4b . e | 
X o and ever) where rejected, as 1 the Ellipſs. 5 
r. 
'D 
Das +19 lx 2 Dr ie a Le | 


=0«b 


* — 2: 042 


De 


=044 _ 
bad 1 


6, 11 
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DyL +13 L—9L— DL _ 
„ ebener beke as 
12 Reduce d 34 DP + 57 y + Ty 


13 Analog) 14 77 5 Viz. CA S A: TA: AP 


TL — 
13- 1.5 I 7 —— 2 Which is the 63 Hen. 


eee 
; — ? 4ST, er 4 2 
15 0757 Di += CEE mY ＋ 


| | Sl 4 | + 
5 FDD +:x 
17-w 2183 +4D—!z=f ER 
& | / DD-Fzz,  _ F Which is the 
5 18 195 4 = . D ny 


"Ye Sen al Eff Cion E ch. firſt of theſe Te 1s 
very eaſy: fr by the 14th ep it is evident, that there are 
three Lines given to find a : Foarth ien Line. By Pro 
e HS | | | 
| Nel m. 5 
From the Cetas int 1 have been a: 1 along! ma e in this 
N Peer, between the Flyperboia and the El il ſu, it u ul ve ealy 
(eden bor a Learner) to perseive thje 


Cotercncc rhar i is in (or berw-en) thoſe 2 2 £ 
tuo Figzres, But for the better under- , : Fg 
5 ſtandi.:s g of w hat is S meant by tlie Center 1 8 1 RR” | 
al. Aj, met tes of in Hyperbola..conft-". n, ee, 
cer the anttex 't Scheme, wherein it is e 
evident (eren by kuſp:ttioa} har te S-: 
Oppoſite F Hyperbe'a's will always be a: . 


"ROLES: 
£3287; 


- like, | becaide they WH always have the 
fame tra, 575 Diemer common to 
both, Cc. ee Keck. 1. 0“ this Chapter. Alſo, 
that the mi. Ale Point, or common Cn- „ 
ter cher Ellipſs, 15 the COMMON rag 
ter ton the four comfug uf Hyper bela 

N the two Miagonais Of the rig be . n which 
rede erh the El 65 (or is 8 to the four Fyperlola 5) 


being ontinud, will be ſuch Aſymptotes to hate Hyperbela'", 
25 are d {1 a, (bar. l. Sekt. 8. Lehn. 4: 


SA, 


A 


12 


Again 


8 XK 91. 
5 7; ! Gt 
l 


That is, S OO 
3, 124 [13]- 


14 | — 05 
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Sec. 6. To Haw the Alymptotes if an Bene Nc. 


_ Having found the Lin us Rectum, (by Sect. 2.) and tlie conju- 
gite Diameter n S N, in its true Pot in, by Set. 3. Then 
through the Center C of the H. \perbola, and the extream Points 
n, NM. of its conjugate Diameter, Uraw two right Lines, as CN, 
and C n, infinttcly contins'd, Cas in the following Figure ) and 
they will be the Ahn ptotes Tequir'd. 

That is, they are two ſuch right Lines, a8 being infini! 21 
extended, will conti: ually incline to the Sides of the __ 


lola, tat never touch them. 


Demonftration, 
Suppoſe the Semi ordinates 4 bh and AB to be rig . 5 


plyd to the Axis J A, and produ”'d both Ways to the 4. 


ſrmptotes, as at f g, and F G. "Then wil the 0 SW. 
ACasp, and A CAG, be alike, 
Let 4 CSETC. An L the Rat Ret: 1177, 48 ber re. 


— 54 a 4. 
Pur Co SS ue A fer. Then“ 47 5 wy 


. Then Hl S Vir Teng. 5 05 57 So. 


in O 11d: O SN: 044 deter: Dag ; 
But 3:4L=g SN. By SE 3, 5: 
„ ee 2deL+eeL 
2 3 * T N 855 

4: N 6 2de + ec: C1 4b. By Sect. 2 5 


5| 
5-16 SECT 7 4b. 


"OR 


N 4—6 R—= Gag Q 4s 


B r by Slag + al =bf y ”, | | | PS 5 
ue Fi 1 Fig | | 
| 


Dag—Dab=bfxbs N pg 7 
bfxbo—=tdL: N SY 


Again 2kdds SN: «dd 203+: 0.45 7 . „ 


But 142d: L:: 20 * AB, By FP „ 
„ Rey L L . | 
20) +11 —=D0.48 


— 
4 


N 


1 1 — —— —u— 
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17 AG ABF 1 
A 9 2 en 


17 18 15 5 46 2 ns 
„„ 19 20 a e 


* — 


| 8 the if Step | It is evident; "tak the 1 are 
_ yearer the Hyperbola at G, than at 3 and conſequently will 
continually approach to its Curve, For BE dL (=BG is 
leſs than bf ) dL (=bg, becauſe the Diviſor BF 1s greater 
than the Diviſor bf; and it muſt needs be fo, where ever the | 
Ordinates are produ- d to the Aſymptotes, from the Nature ok 
the Triangles. | © 
Again, from the 7th and 16th Steps it is as evident, that s 
the Ahmpiotes can Never really meet and be co inci. lent with | 
the Carve of the Hyper oa, alt! o both were infinitely extended; 
becauſe £4 L will always be rhe Difference between the Square - 
of any S mi- ordinate, and the Square of that Semi odinat when 
! it is e. d to the Meets, | | 


ente ; 


Brom hence i 1t follows. that every rig be Tine which pole | | | 


| through the Center, and falls within the Ahmptotes, will cut 
the Hyperbola; and all ſuch Lines are called Diameters, as in 
the Ellipſis, bccauſe the Properties of the Hertel and Ellipſs 
: 1 the ſame. - 
Nite, Every Diameter. both in the Eiipf "3 Firabe 4, and th- 
: perbola, hath its parti ular Lotus Rectum and Ordinates ; which, 5 
fhould they be diſtinctly handled, and the Effection of all ſuch | 

' Lines as relate to them; as alſo, the Nature and Properties of 
ſuch Figarcs as may be in f rib 4 and circumſcrib d to all the 
Sedliont, with the various Huliiude or Proportion? of one Hyper- 
bola to another, Cc. would afford Matter ſuffi-ient to fall a 


large Volume. "But thus much may ſuffice by Way of Intro- 


F 1 ſhall therefore deſiſt purſuing them any farther, be- 
ing fully ſatisy'd, that if what 1 have already done, be well 
underfioo |, the reſt muſt needs be very eaſy to any one * 


intends to proceed farther on that Sul ject. 


AN 


771 


AN 
INTRODUCTION. 


"7D THE 


lachematicbe 


TILE 5 L 


55 Method of finding out any 55 1 (viz. 2 
either any Line, Duperficies, Solid) by a re- 

gular Progreſſion or Series of Quantit ies continually approaching 
do it, which being infinitely continu'd, would then become 
perfectly equal to it, is what is commonly call'd Arithmetick 
of Infinites ; which 1 ſhall briefly deliver in the following 
Lemma's, and apply them to Pradtice in finding the ſuperficial 75 
and ſlid Contents of Geom trical e farther 0 on. 135 


L EMMA 1 


In any Ceviey of equal N , ' Crpreſenting Lines or "adi: 
Quantities) At I. I. Is &. Of 2. > 2. 2. © 
Or 3: 3. 3. 3. . 75 one if the Terms be multiply d into 
the Number of Terms, the 3 will be 6 e Sum of all the 


Terms i in the Series. 


This is ſo very plan and eaſy to he anerfiood, that it 
needs no Exan; ple. . 


LEMMA oY 


K the Sevies if Naber in Arichmetick Progreſſion begin with 4 Ge 
pier, and the common Difference be 1. As C. 1. 2.3. 4. &c. 
repreſenting a Series of Lines or Roots beginning with a 
Point) If the laſt Term be muitiply'd into the Number of Term: 3 
the Product will be double the Sum of « all the Series 


"That i is, putting L = t!: e lat n N= le Number of Z 
md nd S= = the Sum of al ths Nies. 1 
| hen 
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1 


Then will NIL — 25S. Conſequently, L NL s. 
viz. one half of fo miny Times the greateſt Term, as there are 
Number of Terms iin the Scrics. 


Thus -o+F1+24+374 _ 15=the Sun; of the Series = ! L NL, 7 
ee 2=NL. _ 


And this will always be fo, how many Terms beter there 2 
are, by Conſect. 1. Page 185. | 


LEMMA om 


If a Copies of Jur. 5 whoſe Sides or _ ot; are in Arithmetick Pro ; 
greſſiom, beginning with a | Cypher, & (as in the laſt Lemma) 

be infinitely . the laft Term being mn tip!) 'd into the | 

Number of Terms, will he triple to the Sam of 35 abe Serier, 7 


Viz. e or ; NEL=S. 


That is, the Sum of lu. h a Series will be one Third of the 


laſt or greateſt Term, ſo matiy Times Tepc cared as is the Mam ſi 
ber of Terms in the Series, on roo = © 
| Inſtances i in 22 re N nber... a 5 


„ 1 
: W's +4 +2 +16 3 = => =" 1 
5 L16+16+16+16+16 © | Py 2 a. 


þ 9. 
From theſe Inſtances it's ph, nt . as the 1 of Terms. 1 
in the Series does incre iſe, tlie F raition or 15 x:eſs above does 7 
decreaſe, the faid E. Xu a! wiys being — * which, if we of 
| 1 : th 
ſappoſe the Series to be infiuitely contina'd, mill the en become | 
Infnice » mall, i in Effect notli g at all. "= 
Conſequently, *- VEL, may be taken for the true or perfect © 
f gam of ſuch an . Series of OG. 55 « 
Tf a Series of Cubes. w. 9 0 Rats are 15 PET IRS? Progreſſon, b ” 
4 gin: 11 1g with a Cypher, ee. (As Above ) be infinite ly continu OY ; | 
"The Sur of all ge Sevics will be NULL = — 6c 
That is, one Fourth of the let or pre tef Terms, fo many & 


T inics repeated is 15 the Aur ber ot Ter ve. 


a Inſances 


—_ CY. — 357 


— 3 


| apply I to Superficies and 7 Solids. . 


— 


Inſtances in Cube A; 
Ifo.r.2.3. Ke. be the Roots of the Cubes. 


O | 
Then k. 12 c ED WS 
108 12 4 12 


OF o+ I 125 8 +2944” — 10 = I == + 1 
Ler- Tees 355 32 164 10 
 o+1+8% 27+ 64+124_ 2 45 3 
8 750 ” "1 0. 
| I i | De 


OD 


k-- 4 0: e 
"Pit theſe Examples i it pla nl appeam, that as as Number oy | 


Terms in the Series Increaſes, the Fratlion or Exceſs above + 


decreaſes ; the Exceſs being always 2 .— =P , which, if we 85 , 


ſuppoſe the Series to be inſmicely conting'd, will become infite y 1 | 


ſmall, or rather nothing, As in the laſt Lemma. 


Conſequently * NLLL may be taken for the true and prikect i 
Sum of all the Terms in ſuch an 5 Series cf Gubets 1 : 


LEMMA v. 


* 4 | Grier of Biquadrats, whoſe Riots are in A i. TY e . 
beginning with a Cypher, &c. as before, be infinite 7 contina d, £ 


3 the Sum 07 all the Terms in Juch a Serics will be; 5 N Le, 2 


The Tad of this may be manifeſted by the like Procel eſo, 1 
in the foregoing Lemma s, and fo on for higher Powers, But if 


any one deſires a farther Demonſtration of theſe Series, he may 


(1 preſume) meet with ample Satisfaction in Dr, Wallis Hiſfory 
ef Algebra, Chap. 78 and 79, whercin the Doctor concludes wit 


1 ieſe Words : 


© Thus having ſhew'd, that in a Progreſſion of Laterals Cor 


% Arithmetical Propertionel: ) beginning At o. rhe Sum of 


«2, 3. 4. $. 6 Terms, is always equal to ; of ſo many times 


* the oreareſt, and there being no Pretence of Reafon why _ 


p we ſhould then doubt it, in a Progreflion of 7. 8. 9. 10. Ko. 


we conclude it fo to be, though ſuch Number of Terms be | 
* ſuppos'd uifinite. | 
Again, in a Progreſſion of their Squares, having ſhew' d, 
* that in 2. 3. 4. 5- 6 Terms, the Aggregate is always more 
© than + of ſo many times the greateſt ; and the Exceſs al- 
.. ways ſuch aliquot Part of the greatef, as is denominated | 

| Eee: © 4. 5 


1 


r 
— 
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c« by ſix times the Number of Terms wanting r. (As if the 
« Terms be 2, it is ++; if 3, it is ; if 4, it. 


is +; il 5, itis-+ £; of fo many times the prea. | 


e teſt Term, and ſo onward) we may well conclude, (there 
being no Pretence of Reaſon why to doubt it in the reſt) 
« that it will be ſo how many ſocyer be ſuch Number of 
„ Terms. And becauſe ſuch Exceſs, as the Number of Terms 
« do increaſe, will become infinitely ſmall (or leſs than any 
© affignable) we conclude (from the Method of Exhauſtions) 
„that, if the Number of Terms be ſuppos'd infinite, ſuch 
© Exceſs maſt be ſuppos'd to vaniſh and the Aggregate of 
“ ſuch infinite Progreſſion ſuppos d equal to + of fo many times 
the greateſt. > | | 5 

& Cubes doth (as the Number of Terms increaſeth) approach 
« infinitely near to 1 of fo many times the greateſt) and of 
1 


Biquadrats to, and fo of Surſolids to of ſo many times 
cc 


c 
4c 
| cc 
: 0 


we may take it as a ſufficient Diſcovery, that (univerſally) 
the Aggregate of ſuch infinite Progreſſion is equal (or doth 
approach infinitely near to ſuch a Fart of fo many timcs the 
„ greateſt, as is denominated by the Exponent (or Number of 
_ * Dimenſions) of ſuch Power (as is that according to which 
the Progreſſion is made) in reas d by l. namely, of Lateral 
; of Squares ; of Cubes 4 ; of Biquadrats. :; (of fo ma- 
© ny times the greateſt) and fo onwards intinitely. 
This Diſcourſe of rhe Doctor's I thought convenient to in- 
ſert, ſuppoſing it miy give ſome Satisfaction to the Learner, to 


hear fo great a Aan as Dr. Wailtis's Arguments about the 


5 Truth of theſe Series, which J have briefly deliver d in the 

e eee W-. 

5 7 If any tuo Series or Ranks of Propurtionals, have the ſame Num- 
ber of Terms, ( whether finite or infinite) it will alpay 

As, the firit Term of one Series : is 10 the firſt Term of the 


be ot her Series:: ſo is the Sum of ail the Terms in the one Series: 
| C6 the Sum of all the Terms in the other Series. (12-e. 5.) 


as 


in like manner, having prov” d that ſuch Progreſſion of 


the greateſt, and ſo onwards as we pleaſe to try, (an: there 
© being no Pretence of Reafon why to doubt it as to the reſt) - 


As 


1 


apply d to Superfictes and Solids, 395 


— 


As in theſe Numbers, 1] 3 Or theſe 1 4 5: 
: | Rn, 1 


4a — 14013 
„„ „ 
18 97201215 


3 
5 : 

i 7c 260 49 
2 

5 


. 


2 
3 
1 
5 


That is 1 4 1 41 2 63. And 4: * 1456 : 1820 &. 


The Application of theſe Lenoma's to Geometrical Quantities, | 
viz. to Lines, Superficies, and Sclidt, wholly depends upon graiit- 
ing the following Hypotheſes. „ 8 


> The Þypotheſes. 


1. That every Line is ſuppos'd to conſiſt or be compos'd of 


an infinite Series of equidiſtant Poinrs, mn. 
2. A Surface (viz. the Area of any Figure) to conſiſt of an 


/ 


infinite Series of Lines, either fireight or crooked, according as 


the Figure requires, 


3. A Solid to conſiſt of an infinite Series of Plains or Super= 


fies, according as its Figure require. 
Not that we ſuppoſe Lines, which have really no Breadih, 
can fill a Space or Superficies ; or that P'ains, which have not 
any Thickneſs, can conſtitute a Solid: But by what we here 

call Lines, are to be underſtood ſmall Paralle ograms (or other 
Super ficies) infinitely narrow, yet ſo, as that their Breadrhs, being 
all taken and put together, muſt be equal to the Figure they are 


ſuppos d to fill up. 


And thoſe Plains or Super ficies, which are here ſaid to conſi- 


ture 2 Solid, are to be underſtood infinitely thin; yet fo, as that 


their Depths or I hickneſſes (which are hereafter a ſo coll Lines) 
being all taken together, muſt be equal to the Height of the 
Now, in order to render this Hypothe/is as eaſy for a Learner 
to underſtand as | can, I ſhall here propoſe a very plain and 
familiar Example. or en 
Viz. Let us ſuppoſe any Book to be compos d, or made up of 


Iod, 200, 300 (more or leſs) Leaves of fine Paper; ſuch a 


B.ok, being cloſe put together, will have Length, Breadth, ant 
Depth or Thickneſs, and therefore may (not improperly) be call'd 


a Sulid; and each of its Edges (being evenly cut) will be a Super- 


ficies compos'd of a Series of ſmall Paralle/ograms, every one of 
their Breadths being only the Edge of a ſingle Leaf of Paper; 


and if we conceive the Thickneſs of every one of cho ſe Leaves, 


— 
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0 to be divided into 10, Or 100, or io, Cc. they wall his be be- 
come ſuch a Series of infinitely ſmall 1 as are (by the Hypo- 


theſis) faid to compoſe, or fill up a Superficies _ 
And all the Sup:rficies of thoſe infinitely chin, or divided 


| Leaves of Paper, will become ſuch a Series of Plains or Superfi- 


cies, as are ſai l to conſtitute a Solid, viz. fuch a lid a as the Bis- 
wy neſs and Figure of chat Book. ' 


No according to this les of 1 Sap: rficies, and S0'ids, 


one may, without the leaſt Prejudice to any Demonſtration, al 
mit £ of the follows ing Definitions and T heor ems. 


Delünitions. 


I. The Area's of Squares, and all other Pareliclograns, are 
3 compos'd or fill d op u ith all infinite Series ot _ e 


Lines. 


IL. The Area of every plain Triangle, is ; compos 4 of an in- 
finite Series of right Lines parallel to its Baſe, and equally de- 


©.” -oreafi ng, until they terminate in a. Pint at the vert ical Angle. 


III. The Area of a Circle may be compos'd either of an inf 


| ode Series of concentric: or parallel Circles; or of an infinite Se- 


ries of Chord Lines parallel to its Diameter; cr of; an innumera- 
f ble Multitude of Settors. _ 


IV. The Area of an Elipſis may be 8 either coef 6 an 


_ Infivire Seri:s of Ordinates nightly apply d, or of an infinite | 
Series of right Lines parallel to its tranſverſe Diameter. 


V. The Area's of the Parabola and Hyperbola, are compos'd 


ol an infinite Serics ot Ordinates, or may allo be . of 
right Lines parallel to their Ax, &c. 


VI. A Priſm is a ſolid Body, contain' « or ele within 


ſeveral equal Para leirgrams, having us Baſes or Ends equal 


2n! alike ; ani it's generally named . to the 


of its Baſe. That is, 


8 VII. A Gabe Cor Hlid like a Dye. is a Priſm bounded or me 
1 5 cluded within fix equal ſquare Plains. 


VIII. A Parallelapi pedon is a Priſm that hath its Sides bounded 


or included within four vue: W Ha, aud t two * 
Baſes or Ends. 


IX. A Cylinder ( cr Sulid like e roi ing Stone i in 4 18 


: Ss only a round Pris, having its _ or r Ends a Perfect Circle. 


X. The 


n | 
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X. The Solidiry of every Pri/m is compos 'd of an 33 "4 
ries of equal Plains, parallel and alike to that of its Baſe. 


XI. A Pyramid is a Solid bounded cr included within ſeveral 
plain Triangles, ſet upon any Pu. J2 1045 Baſe, having their ver- 
tical Angles all meeting toge ther in a Point, call d the Vertex, 
and takes its Name from the Figure of its Baſe, viz. if it have 


a . j4are Baſe, it's call d a gare Pyramid 1 2 Tongs Baſe, 
its call'd a trian ga ar Pyramid, &c. 1 ; 


XII. A Cone is only a cαν⁊e 3 which bath been al. | 
rady defurd in Page , 8 


xn. The cdi of every Pyramid 1s compos'd or 3 8 
tuted of an infini:e Series ot Plains, parallel aid alike to that 
of its B. ſe, equally decreaſing until they terminate in a Pint 


at the V ertex. 


XIV. X Sphere or Globe. (viz. a Ball) i is 2 Solid FRY or 
included within one regular Super ficies, being form'd or gene- 


rated by the Acta: ion of a Semi-(ircle about its Diameter; (call'd 


the Axis of tre Sphere) and its Solidity is compos'd or conſtituted | 
or an infinite Series of concentrick Circles, whole Diameters are 


| the Chords of that Circle by which it was form'd, 
XV. A Spheroid (or Epg-like Figure n Solid VET) = 


with one regular Superficies, form'd by the Rotation of a Semi- 


elipfis abour its tr anſverſe Diameter, (call'd the Axis of the Sphe- 
rod) and its Solidity is conſtituted of an infinite Series of con- 


centrick Circles, whole Diameter; are the G of that El- i 5 


lipſit by which it was form'd. 


XVI. There is another Sort of a valid calld an hoes Sphe- = 
roid, being form'd by the Rotaticn of an Ellipfis about its conja- 
gate Diameter; and it's like to a flat Tarnep. 

XVII. If a Semi-parabola be turn'd about its PTY it will 


form 2 Solid call d a parabolic Conoid, being compos d or cot | 


ſtituted of an infinite Series of Circ les, whoſe Diameters are the 5 


| Ordinates of the Parabcla. 


XVIII. IF a Parabola be turn'd about its s Baſe or or — 
Ordinate, it will form a Solid call'd a Pyramidoid. ** moſt 
commonly a parabo'ick Spindle, which will be conſtituted of 
an infinite Series of Circles, whoſe Diameters are right Lines 
parallel to the Parabela's Axis. 


XIX. If an Hyperlola be tun d about its Gab, it will * : 
a Solid call'd an hyperbolick Conoid, being conflituted of an infinite 
Series of Circles, whoſe Diameter: are cke Bar Gen of the Hy- 


xx The 
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XX. The curve Super ficies of all circular Solids 51 Cylin- 


as Cones, Spheres, Kc.) are compos d of an infinite Serjes ok 


| rhe Peripheries of thoſe Circles which conſtitute their Solidities. 


Upon theſe Definitions are grounded all the following Theo- 
rem; and therefore, if they were diligently com par d with 
their reſpeclive Figures, it muſt needs be of great Help to the 


he Learner, and would render all thir follows very eaſy ; where- 


in I ſhall begin with what hath been already nen, by 
: "E's of AY the reſt, 


THEOREM 4 


The drea of every right- -lin'd Parallelogram, | is obtain 4 a multi | 1 


Mas the Length into its Bread:h. 


That i is, B D * F B — the Area of che Para! clegram B D Fc 6. 
By Lemma 1. compar d with N 


Of Example Goals BD=26 . 
Then 268 X9=234 t the Area. 5 A AA RSG SL: 


ee Problem 1. Page 333. 1 00 * 2 ee b 


THEOREM I. 


8 The Area of every plain Triangle is equal to half the Area of i ite | 


cCircumſcribing Paralleiogram.. 
. . DEC 
| That 8, * — 


8 


e the W CA to be divi ed into an 1 1 7 


nite Number of equal Parts, as » ee - -a 
at the Prints 4, 4, 4, &. ʃi· . 
and through tlioſe Points there : 89 4 "RE 
were drawn rig bt Lines paral- Ro E. | ED > 
lel to the Baſe BD, viz bid, | — BD Ee. 

: bad, bad, &c. Then will |/ 430 1+. %84 
hoſe Lines be à Series of Terms. 1 A I . D 


in Arithmetick Progreſſi on, be- 


ginning at the Point . viz. o, bd, 25% 3 4 Kc. as is evi- 


dent by the Figure, v ctein BD iS the greateſt Term =, 
and (A the Number of Terms = N. 


But 


= © 
— 


2 cotton II . 


— = = the Area of A B C D, in » the fllwin | 


— 
in 


Arta to "Superticies and Solis.” _ 399 | 
"Ws 4 NL S. by Lemma 2. And S the Trienge's res : 


; || by Definition 2 OLED 


a concentric or parallel Circ'e, its Peri- 


* by thoſe Radins's ; one whereof 


t 


Example Let BD = 26, and CA 9. 1 
Then © 
— Area requir d. See Problem 3, Page 3 8 


THEOREM III. 


The Periphere of Gireles are in 9 agony one to anther, a. ar their. 


Diameters are. 


: Demonſtration. — 
Let the 8 of a Circle be divided into any Nome - 


of equal Arches, by right Lines drawn 


from the Enter, (viz, Radius t) ſuppoſe e 
them 8. as in the annex d Rr, // .. 
in A Bi is one of them. Then if through / / : x 
any Point in the Radize there be drawn gi =____ 


phery will alſo be divided into 8 equal 


will be 4b, and the & Cab will be like = — 
to A CAB. „ 
Therefore IP ab : : C4: AR. Or Ca: £4: :ab: AB ; 
Conſequently 2 Ca : 20 A:: 84b: 8 AB. 
2 20 4 da, the Diameter of the Circle, whoſe bei is 5 

ab. | 


is 8 AB. Therefore, Sc. as by Theorem. Q. E. D 


: Example. In Chapter 6. Part 4 it was found, that if the pia 


meter of a Circle be 2. its Periphery will I 6,2 2831830779586. Hh 
Ergo 2: 6,2831853071795864 : : : 3.141 5926535897937 i 


the Periphery of the © rele whoſe Piana, is 1. 


c lary. 


"das | it nn that becauſe Unity or 1, may te ads the : 
fir Term in the Proportion, therefore 3,14159265, Cc. may 


de made a conſtant or ſettled Factor; which be ing multiply 1 


into any propos Diameter, ns prod uce the Peripbery of that 
Circle. 


Note, Iaſtea 4 of 301415965 Kc. i: may be Joffe cient ro tale 5 
371416. FO 


Dun Ort x9=117. Orthus26X2=1176 | 


And 20 4 DA the e of the Circle, whoſe e e 


15 In Arithmetic Frogreſſion, beginning at the 


Term is AB —L, and Number of Terms 
all the Series, by Lemma 2. And 5 = the 


5 of 2 Circle ; then it follows, that 


* 


— 
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DP 


Ts iy in we Numbers the Properties may "I 
# 7: : Diam : Periphery N C theſe Numbers may ſerve, and 
Ori 13:35 55 : Diam. : Peri phery 2 are often 92 8 in . 


THEOREM IV, 5 


5 The Area 1 any Seflor of 4 Circle, is equal 10 bilf the Reflang! 
of the Radius into its Arch, eras 


„ 
The Is, 5 - _ = the Area of AC . 


Demonſtration. 


1 85 Sh che Radins C4 to be divided into an infuir rie | 
„ of equidiſtant Points, as 4, e, y, Kc. and 
through thoſe Points there were drawn 


N concentrict or parallel Arches, as ab, ed, 
= Then they will be a Series of Schr 


| Point C (viz. o, 1,2, 3, Cc.) as plamly 
8 appears by the Figure, -vrhercin the great et 


is CA N. But : NL=S the Sum of ,/ - 5 25 
5 Sector s Area, by Definition 3. 2. * D. 


- Tm Let the Rad ius C A= = 12. And che Arch AB— Ps 3 
— Then =48. Or ': * X 8= 8. Or: — 2 12= = 48. the | 
ns rea of che Sale; AC R. | 


THEOREM V. 


The ares of every Cools. is equal to half * Rellangle o th 1 


 Radins into its Periphery, 


5 Ter i, Is, according to Archimedes, 4 Circle is equal to 4 right | 


7 5 angled Triang e, whoſe Sides containing ts e right Angle, are 
equal, one to the Radius, and th» other to the Perimeter 4 rhe 
Circle. Pro 1. de Dun:nfioue Circuli. 


1 The Truth of this Ibsen may be 457 dedued from the 
laſt, thus, if we ſuppoſe the laſt Sector to be one eighth Part 
nc. 


5 will be the Area of the whole Ci * 8 
But 44 B — half the Circles Periphery; and CA = = half 1 its 


| Diameter. Therefore, Oc. as by 7 beorem. — E. D. 
::.. Bu 


=44Þx C4 


0 "3 to "Superficies = and Solid 3 8 
F If the Diameter be Unity, or 1. the beiten wil! 
te 3.141, 59265, Cc. by 1 Theorem - Ne 
rs Then . e oe bm ,785398 6, E (or 085. fo. 
common L ſe p will be the Area of chat Circle. in T 


TA 1  Scholinms.. 


From hence naturally flows the following Proportion between 1 
the E and its inſcrib d Circle. - 


As ths Peter 8 biz. "hs 93 of the four 5 


Proportion i Sides) of any Square: is to its Area: : ſo is the Y 
es I Periphery of the in ſcrib d Circle: 10 its Are. 


That is, ſuppoſing AR=D= the Side of the {ws 3 

the Di ameter of its inſcrib d Circle. 1 
Then 4 D= the Perimeter; D D= the —B SE 
Arca of the Square; and 31416 D=the © ae 4 
Periphery of the Circle, By Theorem 3. 
But 4D: DD:: 3.1416 D: eee ” 
the Circles Area, N 8 

D And if D=1, Then 4D= =4 and 

B DDS iXS. And che Periphery 1 | 

ill de 566, No oe 
Iben 41221 07854 Sc. as in the Exawgle Sn 


= And from hence may be eaſily deduc'd the "os Theorems: ; —— 
" ©: THEOREM-VL : 


Th 0 Area's of all Circles are in Proportion one to 0 anther, as ue 
| © on” of their Diameters. (2 e, 12. * | 


I For if 1 D= the Diesen of one Gree, and i= = - the Dia- : 
Loeter df another (Circle. ; 
nen will 0,785 4 DD be the reg of one Circle, and 0,7854d 4 : 
© ill be the Area of the other Circle, as above. | 
4 but 0,7854DD : 0,7854dd :: DD: dd. Or ths: 


| Let D = the Diameter, and P = the Periphery of one EF 5 
e 1 the Liameter, and p = the Periphery of another Circle, 


t beni Dx; P = DP A the Area of one Circle. 
And 2] d XD 2 the Area 3 By 
5 14020 DP=4J4 © DT b ile 4 I Thearem, 
12 * 40404544 0 | 

a * 1 

rege E's 


. 


| d Me en age 


RO ps go 
4+ 4 = „ 
But] 7 P: p:: D: d. By Theorem 3. 
16 | 31524 RF. | 
5 1 1 
8 » 9:4DDe= 444.4. That i is, pb. 4 
, Ad. 10 BD A: dd: . OrA:a::DD:dd 
E Qt] 
Eu Conley.” 


Hence it follows, that becauſe the Square of 1. is 1, (via 


1 X 1221) and „78639816, Cc. Or o, 7854 is the Area ot 
the Circle whoſe Diameter is 1. ( as before) therefore it will be 
1: 0,7854 :: So is the Square of any Circles Diameter: to 
its Area. And becauſe 1. is the firſt Term in the Pro ; 

1 | 


therefore 0,7854 may be made a conſtant Factor; wh 


ee, the Square Of any propos'd Diemcrer, will pro- 


_ duce the Area of that Circle. 


Note, The four laſt Theorems do b ſhen the Reaſon of all | ; 
the common or practical Problems abuut a Circle; which, for te 
L Learners farther Sas, 1 have here inſerted ele, Jup- I 


poſing as before, 


D= the Dia . 1 
That 1 = the Periphery Jer of any, propos' 4 Cds f 


AE = the Fee 


Then R > Probe 1. 5 being 2 pra gy to . 
1: 3,1416: D. P. By Theorem >»: 


„ 3.1416 D= =P f 
Eeanple. —. 32. Then guter zee; 


* 1 the Periphery. DW 
CES ne, 2. 5 Tem given, to * Py 

> 3 3 1: 0,786 4 5 5 By Theorem 6. 

2 44 0,7864 D = = EE. 


Exam 1 | Suppoſe D=32. As before. 
„ r 


And 4 : 21 X 1924 = 8042496 the Area requir d. 


Pd. 3. * being given, 10 find D. 


3 8 
2 or | * 16 Or 1 0.3183 P = D. 
| [rk EET only Conv if ade to A firt needs no Exam. 


e 265 2 


402 i The Arithmetick of Jnfinftes Pan . | 


_— 


—8 


7 


{ ,-|$op=- 


x He PP=12,56644 Or PP = 


-es y 12 156644 01 P= == 


— FEE to ;Superficies nd "Solis, = — 


= | pril. 4+ P, being given, to Po 4. 
1 2 | 6 9,36965 DD = . ÞP 


6 702 Or 610132 PP= DD. 


585555 


. pf Or r. — 


| For „ — 2 


4 
8 5 87851 Or iger = 12732 


—=4 Or o os 


1 412 125564 | 
Ls — 5 "4 2 given, to find D. 
8 % 2111}D= N 78857 Or D= =Vv 1,2732 A. 
Prob. 6. 4, being g given, 70 Fad 2 


1 


| Theſe P x Pas contain all tis 7 ariety hat + can _ pro · 1 
poſed about Snag the Periphery, Diameter, os Area of any 15 
But if it be requir d to find the * of any Segment, or Part . 


of a Gcle cut off by a Chord, that Work will require 2 far- Bo 
ther Conſideration. 


Firſt, As to the Data, there maſt 3 be given the * VV 
ter ; or, either the Periphery, or Area of the Circle, in order „„ 
| find the Diameter. | 


\ Secondly, There moſt alſo be given, either the Chord, which 


zs the Baſe of the Segment, or the verſed Sine, which is nw. - EY 
Height of the Segment. oe 


hat is, either BG, or AF, in the flowing FRE muſt = 


be given, that ſo the Area of the 266 x ĩ 8 
Then it's evi dent, (by the Figure) that if the Area of the „ 
ABCG be taken from: the Area of the Sector CBAG, che . 


Remainder will be the Area of the Segment BAG. : 
And if the Area of the Segment BAG be uken 2 che 
whole Area of the Circle, the Remainder will de the ae of Y 


the ocher * 7 3 . 


Fifa | Sumgh 


CCT 
5 Conſequently 90 0 F - BF. 


angles, the Arch BA LBCA may be 
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Example in Numbers. 


Let there be given DA. = 2. as in Prob. x. 
And the gere in- Af = 6; 
Then DAS BCS CA 16. 

And CA— AF —=CF—=1> 


Viz. v156=12,49=BF. | 
Then by the Doctrine of plain Tri- 


found in Degrees and Decimal Parts ; | 
Ih BC: Katine :: BF: Sine BCF =I 31 Degrers 
And then it will always | old in this Proportion: 


in equal Parts (according to the Dimenſions taken) : 


| As the Cirele's Poriphcry in Degrees : bs to it. ber ple, N 
Viz. 1 is the Arch in Degrees (viz. CBCA) : tg le Le Jame 1 


Arch in equal Parts, _ 
Thar i is, 365% : 15,5312: 5131: 14,3284 -— #4 


Then 14,3284 X 16 229,544 the Area of the Sector BC 4 G, 1 


And 12,49 * 10 124.9 the Area of the A BCG. 


Their Differente 104.3544 = : the Area of tlie Segm. BA G. } 


Or the Area of any Segment may be otherwiſe found (as of ; 
uſually it is) by a Table of the Segments of a Cicc e, whoſe Area © 
is Unity, or 1. The Construction or making of ſuch a Tae is } 


ver, well laid down in Mr. Davie nee of Gai. 25 Chap: 9. J 


which he performs 1 in this Prob. em. 


PROBLEM. 


| 15 4 Circle whoſe Area is Unity, and its Diameter cut by Cord 
Lines into 1009 equal Parts, to * the Sg men! to any der ſeu | 


Sine propos d, not excceding 509 of thoſe _ Parts. 


1. Multiply the vr ſed Sine propos 'd by 0,952, , and 2 1 : 


0 Product from an Unit or 1. 


2, This Remaind: r you ſhall ſeek in the” common „7b e of n4- 1 
tural Sines, (te Arth being divides i into D:grees and Centeſima 1) | 


which being found, let its Co- arch be doubled, and call'd A. 


- You ſhall find the correſp: ndent Sine to A; which Size BM 


hed found, you may call S, and then it holds. 1 
6,283 530 174832925 54 $ (Su the Nom nt 9 


ry q | 


K. KX. ps 


: | 


apply d to Superficies and Solis.” ; 2 
Now this Segment being thus found, if you lud it from 


—_— 


an Unit, you have the (o-ſegment, Kc. | 


Note, Not withſFanding what hath been ſaid i in the frank Precept 
of tiis Problem, it very often falls out, that the Remainder there 


5 ſooken of, cannot be truly ſound in the Table of natural Sines ; 
therefore in this Caſe my Advice is, that you make two Operations, Hh 


one with a Sine the next greater, and one with a Sine the next „ 


and in fo doing you will be ſure to have the Segment EA land- 


ed bm en the "Reſulrs of thoſe two Operations, 


1 W ple, Ler it be ot tag d to find the correſpondent Segment to 


the verſed Sine 263. | 
Firſt. 253 x £002 = „5 26. and 1 0 896 its 


S Arch is 28 7288 bean 9 leſs than juſt ; Its Complement i 18 "+ 
which being doubled, is 123,42 = 4 


Then 017453 33 = 2, 154086286 


| — 0,834 5666 The Sine "of 4. 


6, 2831863) ; 319430686 (5,209993 the Segment. „„ 


Now 1 make 4 ſecond Mort. 


3 263 3 being muleivly d with O 002 18 520, and 1 . - $26 = - 0,474. 
irs Arch is 287,37 being greater than juſt; and its . | 
25 61,705 whi- n being doubled is 123,4 =4 9 


Then e, 3A4=2 177% 1 
ö 58348478 = . the Sine of 


| 6,2831853) 1,3188894 (0,299997. the Segment. 
50 you fee by theſe rwo Operations, that the W 18 bound- 5 


1 a, and 'ris very provable it may be 0, 20995. 


But ro abbreviare this large Faclor, and this lar c Diviſe, 


I fh4ll here inſert two Tablers of them, whe" wi " be _ | 


for Uſe, and exact encugh too. 5 5 
eie, „5 Fa. | Thus far 1 Mr. Derey, which I 7 


| 6,283? [1] |,0174533 T6 have here inſerted to ſhew the 
112.566 2 34906612 Learner how, by the Help of 
B 18 1325 3 882359903 theſe two Tablets, and a Table 1 
25,1327 4 89832 of natural Sines, he may eaſily 
TX 3 5 558726 5515] make a Table of Segments, . 
137,699 6 ,1047197|6| whoſe Uſe ſhall be ſhew'd fat- 
„ $434,0023}7 | 5122173002 ther on, vis. when I come to 
_ [52,265518| 1396263 8 treat of Practical Gauging. 
36,5487 % |/1570796|9| In the mean time I ſhall here 


lay down another Method, 


— — — — Z———ʃ rceoened. oo in — 
— < * 7 
— * : 


—.— wy wer — 
— 5 — — —— — — — — 


5 For according to the Property of the G 


35, hence 
Conſeq. 
That is, C4: Nn:: BaB:bab 


— 
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to to find the Area of any Segment of a Circle (very near ) by 2 
new Theorem, without the Help either of a Table of Sines or 

Segments, having the ſame Data as before in Page 404. 


R = the Radius, or ; Diameter of the given Gree. LY 
LL ix. Let ad = the Difference between the verſed Sine and Radius. 5 


C = half the Chord of the Segment's Baſe. 


5 Cheozem. J = LE ding =$,the reef tte Seq. 


2A 


Example, Sores Sim ie = 116. d=FO= 10. and 
(SBF 12,49. As before. 


Iden 2 R R 59,3333. 1 Kd 213, 5333. ry = 109 ä 


231333333 1 Kt 
15 *R+ = 34) 284,0009 nn 


| ' Laflly, 8 3529 * 12 ou 10 276 the Area of the Se — 
ment 240. : 25 before. N "23 I | 


THEOREM VII 


| lelograms to the Area's of their inſcrib'd Ellibſi. 


. 92 the Square of the Diameter of any Circle : is to it . = 
| - That 18, Area 2 fo is the Rectangle of the tranſverſe and conju- Y 


th, 3 Diameter: of any Ellipſis io its Rea. 
Demonſttration. 


5 a any Ellipſis with a Circle ; and ſuppoſe an 1 
Number of Chord Lines drawn therein, all parallel to the con- 


fs gate Diameter ; as thoſe in the Annex d Figure; then it will 
5 As (D A) the Diameter of the Circle: is to (Nn) the | 
be conjugate Diameter of the Ellipfs : : ſo is (BaB) ay 
Chord in the Circle : to (bab) its rſpeflive Ordinate in 

T © 


the Ellipfs. 


it 1801 
. And 


S- TAX TA BE 5 1 
by the Property of the Ellipſi * B mY 


It 182 


pond bg IS 
| BY 231: ONC:: UBA: bes R 


52 TC: 2 NC: 234: 2ba : 


Put) D271 and d . 1 N 1 
I; 4 : : Chord 4: Ordinate bab, — BY 


oa 


. NC::Ba:ba r 7 


Put = 


= 4 Square are to the Area's of their inſcrib'd Circles, + are Pra- ” 3 


4 Nn, as before. Then it is 2 


5 cumſcribing rele- Area : El | 


EEE apply'd to Superficies and Solids. 407 5 


— 


But the Sum of an infini e Series of ſuch Chords, as B aB, 
do conſtitute the Area of the Circle, by Definition 3. | 
And the Sam of the like Series of their reſpective Ordinates; | 
as h a b, do conſtitute the Ellipſis Area, by Definition 4. 
Therefore D: d:: Circle's Area: Ellipſi i's Area, by Lemma 6: 55 
But D: d: DD: Dd. Whence it follows. e 
| That D D : Circles Area:: Dd: Ellipſis' Area. QE. N 
Conſequently, As 1 is to 0,7864 :: fo is the Nella le or 
Product of the tranſverſe and conjugare Diameter. of any Ee p 
to its Area, | 
5 Exemple, Suppoſe TS=36. and Nn=16. Then 36 X16=576, 
And 576 * e = 452,3 904 the Area of the —— . 


Goollaries, 


Hence it is yy to conceive, that the fits Root of the 5 

* Een or Product of the tranſverſe and conjugate Diameters, 
will be the Diameter of a Coen, whoſe Area wil be _ _ 
the Ellipfs's Area, 


3 Viz. V 576=24 the Diameter * a Circle = to the Ellipfe; 


2. All Segments of an Ellipſit and its circumſcribing Circles 
( whoſe Baſes are parallel to the conjugate Diameter, pu. of the 
ee Height) are in Proportion one to another, as their Baſes are, 
hat is, BA R: bab : : Area Segment BTB: Area Segment bTh; : 
. Or TS: Nn: : Area Segment BT B: Area * T 


THEOREM vu. 


The Area of every Elliphs, 5. is 4 mean s Proportional berwees FO | 
: Area S of its circesſeriving. and inſerio' 'd Circles, 


The Truth of this Theorem may bs . dedue d from the 
laſt; for ſuppoſing D =TS, and e 


ready prov'd, that DD: Dd: 


Area. 


In DD: Dd: 1 Da: 44. 


Therefore, Elif Area : b 5 N by : 
Circles Area : Ds: 4d. | DOS, 
: oy Thewes 6. . 


— 


"Im 


| 

is 

{ 

= 
j : 
1 : 
iq 
1 8 
| 

| 


is the Solidity of the ee D BG a. - CLE] 
by Definition 10. TT 0 


- and the Height DB D 42. 


| gout, or arms, &ce. 


— 


doe Artehmerick of Tnfinites | Part V, 


— — 


Then will $ 1296 K 0,7854 = 101 7.8784 the great Circle s hs 


1 X 9,7854 = 2091,0624 the leſſcr Circle's x ies. 
Suppoſe AS the Ellipps Area. Then, accordin g to the Thet- 


rem, it will be, 1017, 8784: 4: A : 201,C624. 


Ergo AA= 1017,8734 X pra = 204657,” 7401216. 


185 Conſequently, * 2046570740 1216 = 452, 3904 = a th 
ea of the "Es ” before in the laſ Example. 


-C rollary. 


. hence it follows, that all Seats of an n Ellipf s and 
its inſcrib'd Circle, whoſe Baſes are parallel to the tranſucrſe Dia- 


meter, and have the ſame Heig/t, are in Proportion one to ano- 
ther as the Area's of the Ellipſis and Circle. are. | 
That is, Area of Circle: : Area of Ellipſis : Segment b N b 


: Segment 'B NB. 


Or, on 1 : Area Segment bNb: Area Sex ent B NB. 


THEOREM Ix, 


The ſolid Onions of any Prijes what: Fire W its Baſe is 
of) ic obtaind 9 mu. bebe the Area of 4.5 B. ſe into os 


Hei get. 


8 Inflance, 4 e 00 or _ Priſm) J is s conſti- 
— of an infinite Series of equal Squares ; SO 
that of its Baſe BA ba being one of the Terms, . mh 
an its Height DB or 6 4 che Number of all 5 


e the Area of BA ba x DB 8 
the Sum of all the Series (by Lemma 1.) 1 . 


Example, Suppoſe the Side of the Baſe bei B ff 


Then will 16 & 16 = 266 be the Area of rhe 


Baſe. And 256 x 42 = 10752 the ſolid On- | 5 185 
tent of the Parallelapipedon DBG l. 4. 

In this manner you may find the So'idiry of all wake Paly- 8 
goniout Priſms, whoſe Baſes Cor Ends ) are | perallel and alike, 


what Form ſoever they are of, _ 
That is, whether their Baſes are Triangles Penragons, Hens 


| Wa _———_ — —_ 


THEOREM 


For every right Colindes is only a round 


DB, will be its Solidity, by Lemans 5 


5 ya to Superticies« and Solids.” 8 — 
THEOREM X 7 


— Pyramid i is the third Part of the Priſm, that hath the ſome | 


| ©. Baſe and Height wil ic. (7 oO 12. * 


- Thae 1s, the ſolid Content of che Pyramid B 7 A, G in the 
laſt Figure 9 is olle : Third of its circumſcribing . DB G A. 


Demonſtration. EE 


© Aa every Pyran.id that hath a ſquare Baſe ( as ; BAla in the 146 5 
Egare) i is conſtituted of an infinite Series of Squares, whoſe Sides 
or Roots are continually increaſing in Arithmetick Progreſſion, begin- 
ning at the Vertex or Point / (See T heor. 2.) its Baſe BA ba, be- 


ing the greateſt Term, (SLL) and its perpendicular Height V 5 


NLE. 


or DB, is the Number of all the Terms on N) ; b ut =F 


3: 
the Sam of all the Series, by Lemma 3. and 5 = the fia On- * : 
tent of the Hramid & A, by Definicwon * 


E. ramp le, Suppoſe he Side of 2 Pyramid 8 Baſe be B. A= « 


and its Height be V C= 42. Then 16 Xx 16 = * the Area 


of it its Baſe B Aba. And xn = 3584. Or es 3584. 
Oc thus, n 256 * * = 3584, is the « of that e B 7 A. 


From hence it will be e to conceive, that every Pranks : 


is - of its circumſcribing Priſm, what Form ſoever its Baſe >. 


of, vix. whether it be u Square, Triangle, Or Pentagas, & . 


THEOREM xl. 


1 Tic fold Content of (very Cylinder, is obtain'd by watiphing the 


Arca of its Baſe into its Height. 
Friſm, being conſtituted of an infinite Serie2᷑ẽüñ 
of equal Circles: that of its Baſe or End be- Tg 
ing one of the Term, and us Height DB:. 

the Namb er of all the Terms. Therefore the | |." 

area of its Baſe B A being multip hy d into 


Viz. Let D=B A, and H=GA EAA 


3 Dan e x H= its Solidity. 


Gas 3 Examples 


* 
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linder DGA. 


| 
| 
i : 
| 
' 
N 
| 
f 
| 


Example, Let the Diameter of its Baſe te D= 16, and in 


 Hliight H= 42. 3 ge „ 
Then 1: 0,785: : 16 K 16 = 256 : 2010624 the Area of 
its Baſe. 5 | > 1 


And 201, 624 * 42 = 8444, 6208 the folid Content of that 


DS ß 
Hence it's evident, that every ſquare Parallelopipedon is to 


its in ſcrib d Cylinder, as 1 : is to C, 78 54. Or in whole Num- 

bert, as 452 to 255 very near. 3% rr Tl 
And that all Priſms are in Proportion to their inſcribd Clin. 
ders, as the Area's of their Baſes are. „5 e 


THEOREM xi. 


be curve r of every right Cylinder, is equal to the Reflan- 
e 


1 gle ma 


of ite Height in o the Periphery of its Baſe. 


Ignhat is, D B multiply d into the Periphery of the Diameter B 4, 

woill produce the curve Superficies of the laſt Cylinder DG BA. 
For the linder is conſtituted of an infinite Series of equal 
Circles; according to the laſt Theor.) therefore its curve Saperfi. Y 

cies is compos d of the Peripheries of thoſe Circles, by Defini- Þ 


tion 20. But the Periphery of its Baſe B A is one of the Tera, 


and its Height D B is the Nun ber of Terms. Therefore, &. 


as by Lemma 1. 


+251. JS which, if there be added the Area's of both its End, 
cer Baſes) the Sm will te the Superficies of the whole Cylinder, 
Example, Suppeſe the Diameter of its Baſe to be B A=16, 
Then 1 : 331416 : : 16: 30, 2656 the Peripberj of its Baſe, 
Again, 1: 0,7854 : : 16 X 16 = 256 : 201,0624 the Area 
ol each End or Baſe, VV 
Ihen 50, 2656 * 42 = 2111, 1552 the curve Superficier, 
To which add 201, 264 * 2 = 402, 1248 both the end Areal. 


TT. ube Sm = 2513, 2800 is the Superficies of 
„ A * fic 2 


„„ THEOREM Xii. 3 
Every One is the third: Part of 4 Cylinder, having the ſame Baſe 
nitb it, and their Altitudes equal. (10. c. 12.) 


Demon: 


= 5 to Superficies and (Solids: —. 
Demonſtration. 7 


of The Truth of this Theorem may be eaſil y conceiv'd by oaly 
conftdering, that a Cone is but a round, Pyenid, and therc fore 

at it muſt needs have the ſame Ratio to its cireumſcribing Cylinder, 

In the ſquare Pyramid hath to its circamſcribing Paralleiopipedon; 

viz. as 1: to 3. However, to make it = eee, let it be 5 

farther conſi ler d, 8 8 


Sy Every 7 + Cone i is conſtituted of an inſi- 
Ine Series of Circles, whoſe Diameter; do co. 
tinually increaſe in Ari:hmetict Progreſſ: n, be- 


ginning at the Vertex or Point V, the Area of 
its Baſe B 4 being the greate/; Term, and its 
perpendicular Height VC the Number ol all the 
Terms ; therefore the Area of the (Circle BA |, 
. C will be the Sum of all the Series, 
| Lonma 3. which is the Cone 5 So, Hl: * „ 


A, Bae Le the hater: of its Baſe be — 
. BA= 16, and its Height VC=42 
al Then I: 2 216K 16 2 256: 201,562 the Area of the 


i- | Baſe. 4 701,9624%42 = 2814,3736 the Solidity of the . 
* Ine BY 4. Or thus, 201 ,062 4X7 = = 381438736, Ke. | 
108 I = FE : coal. 


Ir, Hence it follows, that N ſquare Porewid i: is to its s inſcrid's 5 
Cone, as 1: 0,784. (Or, as 452 : 355.) Conſequently, that 


— 8. — — — — — — 


1 Pyramids have the fame Ratio to their 1 5 4 Canes, as the 
dreas of their Baſes have. 
2 > THEOREM Xv. 


| The curve e of every right Cone, is equal. to o batt the 5 
1. Lectangle of bbs * © — Us Js e into he —— 1 % 
Ti Side. 1 85 . 


The Truth of this Theorem i is felf evident from the 8 
of a Cone, Chap. 1. Part 4. where it appears, that the curve Su- 
perficies of every right Cone (as B VA) is equal to the Arca ok 
I Seftor of that Circle, whoſe Radius is the Side of the Cone 
Baſe Y (VB) and its Arch equal to the Periphery of the One Biſe 
1 (34). But the Area of any Sector is equal to half the Rcctan- 

60 of che Kading into its u eb, by Theorem 4 men, Cc. 


8 8 8 2 —_ | kei, 5 


= 
„ 


My 


1 Sup erficies. 


Let there be given 
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EN Suppoſe the Length of the Cne's Sid to be 2 
er FA= 42,7551. 
And the Diamerer of its Bale, viz. 84 16. as before. 
e Then will 50,2656. be the Periphery « of its Baſe, 
And 2 — . LEE; = = 1974355533 "Fe; "LO of the 1 
155 Is which, if there be Aided the Area of ; its B iſe, the Sum : | 
will be the S; perficies of the v hole (viz. ail rhe) net.. 
bat! 1 197455433 CS 
＋ 201, 24 the Area of the Baſe. 


Sum 1275, 16177 is the total <uperficies, So. 1 
N 7* e Tru of this T herrem may be a 0 n the Un 1 
derarion 6f of the lat Th eorem and Definition 20 | 
| Seſeolium. = 
From the 1th ot 13th Theorems may be th Jeduc' 1 
jar Theorems for finding tl the ſolid Content of any Fraſtum Y} 
or Part, either of a Pyramid or EL cut by 2 n alu to 
ts ee, 8 
Suppoſea lies Pyramid, as BY 4, to 1 

be cut by a Plain at à parallel to its 5 2 
Baſe B A, and it were requird to find „ 

the Solidiry of the Fruſtum OT 7. 4B. ES 


D —BA the Side of the; area er r Baſe. 
ba the Side of the leſſer Baſe. 


a —CP the eee Height. BY | Þ” -1 
"Firſt l E wad H: : d : 2 ty the ker. 


| Then 2 wi DN x HL, = the whale ben 2 * 4 


By Theorem to. 


And C the e ah cut off. 


e Da 
1 Vie. I, 1 [+ we e =the whole e. BV. 
5 . 
D HAH. 


| 
| Xx 
| 4 — 5 0 * 0 e 545. 


2 

6, Reduc. [7 DD + Du + 44: „ the ma 4⁴ỹ 

5 Which in Words gives this following Theorem. Ea 
15 4 THEOREM 


— 


b. 


M 


WJ Fim. 


Ion XV. 


Ta the Reflangle of the Sides of the two Baſet, add the S of 1 | 


Squares; tha Sum being multiply d into one Third of the Fra- | 
fam Height, will give its Solidity. 


Example, Suppoſe the Side of the greater B. iſe B 4= =16. 
And the Side of the leſſer Bafe Cor Top) cb=I12 


The Height CP =g. | - 
Ihen 16 X 12 = 192.16 X 16 = 266. and TEE 12144 


Next 192 + + 25 + 144 =592. and — = 1776. 


= Or 992 ** 1776 the Content of the Frau 91 A ſquare | 
Pyramid. 
And if it were che like Fruſtum of 2 right Cone, it may „ 
1 found by the _ Theorem. Suppoſing D = the Diameter ot. -- 
the greater Baſe, d = the Diameter of the leſſer, and H= che 


Height ot the * ume 
Then being the Sum of all the 3 which conſtitute the 


'$ Fruſtum of a ſquare Pyramid, are to the Sum of all the Circles, 
which can bitte the like Fralum of a right Cone, in the Ratio 5 
of 1: to 0,7 854. (or of 452.0 VVV 
it will de 10,7864: : DD + Dd + dd x + H: o 8 5 
= + 47854 Dd + o. 785444 H the Cane's Fruſtum. ä 5 
That is, in the laſt Example, x: 971543 1776: 15870 - 
the like Fraſtum of a right ne. - 
Or, becauſe „ = 1273236, Oc. Therefore it may de 
1 FAX (S. the ſame Froſty. 
| That i rs 1,473236) 1776 (1394,87, Cc. as before. 
| d if you take the Triple of this Diviſor, viz. 1 53 1 
it wil be 38197) DY + BY 7 68: * H = : the , Nc. 85 „ 


made 1,2732369 DD + D 


Again, 


Suppaſe| 15 * 54. And 7 2 S the From, 
Then 2, DD Da u 


. 15 


H 


1 F 3 
24:5 2 5 bi = Iker. Or Da+: LTX = H 
<4 116 Dd g: XH SF the Fruſtum ab AB. 


Hei ge we hays another ay Theorem tor finding che fame ps 
, THEOREM 


1 apply d to > Superficies and Solids. 1 


by 5b Sept ihe bf. 5 8 
1@ 23 xx=DD — 2Dd + dd 

1 1 

W223 4 Db Har 


[ 5 8 
* 
— . ⏑— ä—ü—ñ —ä—‚— 5 — 


— 
*.9 A - — 


- a 


the Hlidity of thoſe Hoefs is uſually 
found by dividing the middle Term Da 
of the Agquat ion DD + Dd + d4 
into two Parts, and adding one of ,— 
5 thoſe Parts to the 0 of each Baſe, 
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— — 


THEOREM XVI. 


| Tothe ReAtanzle of the Sides of the two Baſes, add one third Por 


of the Square of their Difference ; that Sum bein mul cj [ 4 
into t e Height, will produce the Solidiry. * ö 1 


b Let Daz 16. d=12. and nag. ax before, ji 


Then Pa 102 D—d= Dx. K* 1 5 = 5-3333- 


And 192+ 573333 = — 197,3333-. 


: ; Lay. 197,3333 X 9 2 1775/9997 the Soliduy of the Fraſm | 


the ſquare Pyramid.” As before, 


And 3.81963) 1775,9997 39497, e. the like 2 of | 
a Tight Cone. before . 
Either of the two laſt Theorems C being rightly apply d) will 

- produc £ the true ſolid Content of all Fruftuns of any kind of Py- 


rami di, that are intercepted | between two * and alike Plaine | 
or Baſes, As above, 4 


Bust if ſu 5 Bae are cut N the Exwemitic of both = | 
| | Baſes by 4 Diagonal Plain Cas Ab in = Tok Bo; 
the annex d Figure) into two Parts, e 


Aab, and A Bb. call'd Hoofs : Then 


Thus, DD z Da: * 1 the grea f Hoot A Bb. 
And dd +£Dd: & He the 
| Fruſtum of any ſquare Pyramid. 


Then 3.8197) DD + DA: x H (= the greater „Refs Cane. - 


eſſer H.of Aa b. of the 


And 3. 8197) 44 us zD4:xH (= the leſſer Hoof, Kc. 


Theſe are the Theorems made Uſe of by Mr. Dary in his 
Boot of Gauging, and are pretty near the Truth, but not ex- 


aftly ſo; for they give the Solipity of the upper Hoof Aab 


_ a ſmall Matter toq big, and the lower Hoof ABb as much 


too little, 


Nou, in order to oli that ſmall Error, 1 ſhall here 

propoſe the two following Theorems, which come very near 

dhe Truth, and are more eaſily perform'd than thoſe propos 4 
in the brſt lmpreſſion of this Bu. _—_ 
„ 


— —UñjH.md 


d to > Superficics « and Solids, | * 


| Put, DD + 2 Dd + D—4d: x + H will be the Solidity =, 
of the greater Hoof AB b. Ls 
I Secondly, dd +2 DIA A- D: X + H will give che 
| Suid) of of the i fer Haf Aa, of the Fruftum of * 985 1 


| And 95 th like Hooks of the ele. of any . cer i 
wil 5 


Thus, 3.8197) DD! Da D—4: * * H (S the greaer Had. = 
And 38197) dd ++ Dd-4—D , * the ff Huf. | 


Note, In order to id any Words i in the following Davie: =t 
tions, fer © ſignify any Circle in general; and if any two Letters 2 
be join d to it, thus, SB A, &c, it then denotes rhe Area of _ 2 
4 Circle ar thoſe two Letters repreſent the Radius of oc ol 


THEOREM XVII. 


Tie Sup ices of every Sphere (or Globe) is equal to four th times 
„ the Area of its pony Circle. | 1 


| Thati is, & a Gree whoſe Diameter i is the Arie of the Gre e 


Demonttratiun. 


| If any aa Cas 476 be turn 4 or nov 2d about its : 

| Diameter ( T S) it will deſcribe a , lid _ call'd e 1 

will be conſt ituted of an infinite Series 8 
of concentrick or parallel Circles, whoſe 
Diameter; are Chords, viz. Oab. Oed. 
© f, &c. by Definition 14. I 

E 7 nſequently, the S-erficies of the e 
1 Sphere will be compos d of the Frripbe- 
ries of thoſe Circles which conſtitute its 5 
Sol idity. By Definition 20. ; 
Let D=T'S, the Axis of any Sphere. 1 
| Then, according to the Ua of a 


raise —_ 
DxTf=0oJT, Kc. e e 


_ Hence | 


= Wo od 
Ain def p- I. TEO 
hat is, 2 DN TI ATI 
Therefore 3 DX TVS 47. Gr 
- 

5 


And 1 


"The-rfehmeric of Tnkinites | "Part x v. 
Hence it's evident, that the Feries 47 2 . o JT, &c. 


are in the ſame Rario with Tb, Td, Tf, &c. viz. in Arith- _ 


meticł Progreſſion. Whence it follows, that the O41 = the 


5 Sum of all the Cirele's Peripheries between T and h. A 
And © eT = the Sum of all the Circle s Peripheries between 1 


and d, &c. | 
Conſequently, that the = AT = the Sum of all the c reli 


Peripherie included between T and C. That i is, © AT= = the ' 


: Superficies of the Semi- ſphere. 
And becauſe OH AC+ oOTC=nAT, and 9 AC= OTc. 
Therefore © AT = 2© AC is the Superficies of the Hemi-ſphere. 
Conſequently, 4 © AC will be the To: ies 1 the e whole 
5 Sphere. | 7 Q. AE. D. | | | 


Example, Suppoſe the Avi 15 D= « Theik DD= = 256. 
And 1 : 0,7854 :: 256: 201,624 = © Af. For ; D=AC 


"Then 201, 624 x 4 =  824,2495 the  Soperficies of the whole | | 


9 here. 


à right linder, whoſe Diameter and Height are each = = D the 
Axis of the Sphere. 


For 3,1416D = the Peripl. ery of the Glinde. 8 Baſe, and chat 
multiplyd with P its Height, will be 3.14 the curve Sa- 


perficies of the Cylinder, iy Theor. 12, 
And if to this, there be added tlie Aba of its two Baſes, 2 or 


End.) viz. 1,5708 DD. Then it is evident, that the whole 


Superficies of the linder will be to that of the re, in the 
e, „ 


2 


From the Merkod here us'd in proving the last Theorem, it with 
Le eaſy to find the carve Superficies of any Segment or Part of 


a Sphere, that 1 15 cut off by a righr Line or Plain; viz. ſuch as 


the Segment a m in the laſt Scheme, whoſe curve «uperficies 
BOAT, (as above.) Therefore (Lecanſe fab IS QaT) 


it will be © 4 b + ©T1h= the curve Super fict cles of chat Seg- 5 


ment. 


But if the Aris TS. 4 Height T þ of the Segment are given, 


then it will be TSX TI 27, as in the chird Sep above. 
- Wuich gives this Pr oporzion or Tacorem. | 


Vis 


Or, becauſe 3.7416 is four times 9. 7854. torſo it 800 
| always be 1: 3,1416 :: DD: 3,1416DD the  Superficies of 
the Sphere ( as 175 re) an! it's equal to the curve TN of 


n 0 2 2 


i. 


. 


FTT 


04. © ed. © yf, &c. do conſtitute the 
'DeT, JT, &c. are a Serie; of Terms 


By Lemma 2. 
Der -T Ned. ch - cht 


2 a to "Supertcies a and Solids. * 
| A; the Axis of the Sphere : is to the whole Superfce of Z 
vu 


the Sphere : : ſo is the Height of = Segment : to ita curve | 
Superficies. 
To which, if there be added the Area of the S Boſe, 25 


the Sum will be the Super ficies of the whole — 


2 


THEOREM XVII. 
Every Sphere i is equal to two Thirds of its circumſcribing Glinder: = 
That is, of a Hinder, whoſe Height and Diameter 21 its * 


| are * equal to the Axis of the Sphere. 


Demonſtration. 

"According to > the Work in the laſt Theorems, it appears that - 
Salidicy of the Sphere, and that 47, 
in Arithmetick Progreſſion, UA being 
the greateſt Term, and T C the N umber 

of Terms, Therefore OATxXzITC 

S the Sum of all the Series. 1 ib 


And becauſe 17 4 T—OTb= — 04. 1 


oOAT—-OATC=EnAC, &c, whe | Ls | 
in Tb, QTd, QT f, &c. are Series of Squares, whoſe Row? 


T, Ta, J f, are in Arithmetick Progreſſion ; Q TC being the _ 
greateſt Term, and 7 C the Num ber of Terme. Therefore 


OTCXx TC the Sum of all that Series. By Lemma 3. 
Conſequently, © ATxXtTC:—G©TCXxXETCC=the Cons 


ol the Series Gab. Oed. Gy, &c. which con//itute the Sulidiry 


of the half ee, ATG. Put D=27Cche Axis of the Sphere. 
Then 4 ETC, and Dr IC. And becauſe 0.47 N 5 
therefore © AT = =  2©TC=I,57:8DD And 55798 * 4 25 5 
= 0,3927 D. ; 
Again, @TCx: 2 785 x - D=>. l 209 «F 
Then , 3927 D 0 13097! =0,618D". the 25 of the | 


Semi- ſphere AT G. 


Confequently, o, 26 18 D. x 2 = 3,5234D* will be the ſolid 
Content of the whole Sphere. which 1s Tl to = of the Glin- 8 


der, whoſe Diameter of its Baſe and Height = D. 


For o 7854D = the Sulidity of the (linder, by Theor. 11. 

But = of 0,7854D* =, 523605, as before. | 

Therefore, e. as by Theor ps = 
Hhh Exmple: 


my : The Arithmetick of Infinites Part V ; 
| " Enanple Suppoſe the Axis D = 16. then D* = = 4396. 4 


0,5236 :, 45 90 2144, 6656 the ſulid Content of that 
Sphere. ; 5 


Corollaries, 


45 Hence it appears, that the ſolid Content of every Sper 


is equal to its dere ificies iti d into one ſixth Part of its 
Axis. 


For its Super fcies is 3,1 416DD, by Thaw 17. 


| But 3 351415 X D So, 5236 the ſolid e as before. 


And hence it is alſo evident, that there is the like Ratio 


or « Fabicole berween the Cube and its inſcrib d Sphere, as is be- 
tween the Square and its inſcrib'd Circle, And that is, as the 
 Cuperſicies of any Cube : is to the Super fies of its inſerib'd 
Sphere: : ſo is the ſolid Content of that Cube : to the ſolid 
Content of the Sphere. ( See the Circle's Proportion, Page 401.) 


For if D= the Side of the Cube, then 6DD = its Superficies, 


and D = its Hſidity. And 3,141 6DD= the Sphere's Super ficies. 


But 6DD : 3,1416DD : :D 2 CAD ey 


: Sphere, as above. 
= Scholium. | 


"NE the Proof of this Theorem, it will be eaſy to Jeduce or 


bo Theorems for finding the ſolid Content of any Fruſium or 
Segment of a Sphere; as a L m in the haſt Figure. 


or we there ſuppcſe the Segment aT m to be conſtituted of Y 
an i»finite Series of Circles, which have the ſame Ratio with all 


_ thoſe Circles that conflirme the Semi- ſphbere. 


Therefore it follows, that OAT X 2T7b:— 0 DTX 27 5 


will be the Sam of all the Circles intercepted between T and b. 
Conſequently it will be the Solidity of that & gment. 

And Fecauſe 04b + OG Fb=QaT. Therefore, 

Sab + © 7b X£Tb:—@Tbx<Tb=—the ſame Sulidity. 


Let cab, half the Segment” s Baſe; b == Tb, its e ; and 


T2 the Sidi, of the Se gment or Fru Lum. 


Then © ab = 3,141l6cc. and O71 3,14 166. 


22147 beeh ET 331 4166bb _ '331416bbh _ - 


Conſequent] y, 


i 3 _ 
which being redu- d, 55 dn zech + kbh K a SS. 
Or 1, 909855) zech Ib SS For 955 236) I 000 (1,909855 


which 1 is one Theorem for N the Frau $ Mats 


Note, 


85 apply d to Duperkicies and Solids. 

Note. Here we ſuppoſe the Height of the Segment, and the 
Diameter of its Baſe to be given: But if the Axis of the Sphere, 
and the Height of the Segment be given ; then putting D 
the Sohere's Axis, h = the Segment's Height, and c as before, | 
it will be D—hxh=cc. Gi Db—bb =cc. ; 
Therefore 3Dbhb—2hbbh=3cch +hbk. _ 
Conſequ. 3 Dhh - 2bhh x 90,5236 = 5 the Frulum' s Selidity. 
Or 1,99985) 3Dbh— 2hhh (= 8. As before. 
Which is a ſecond Theorem: for finding the ſame Fruſtum aTm. 


And if it be requir'd to find the middle Part * K, uſual” 
ly call'| the middle Zone of a Sphere; 
ng becauſe 1t is ſuppos'd that | 
<= N K, or which is all one, that 
=C B; therefore it is plain, that 
c wice che Segment aTm be taken 
from the Solidiry of the whole Sphere, 
there will remain the middle Zone 
am NK. e 
But beriet RES Work is a little 
troubleſome, I ſhall here ſhew how 
to raiſe a Theorem for the doing 5 


Firſt, Becauſe ACC Cu it's _ 70. © Therefore | 
ir will be 0 MC mo Cf 5. OA4C—DCd=Ded. : 
GE CS 4b, &c. 
| Here becauſe OAC. Ac. HA, Ke. are a Gb of | 

Equal ;, and Cb the Number of all the Terms ; - therefore OAC 7 

x Cb— the Sum of all that Series, by Lemma 1. | 

And CFH. C4. 0 b, &c, being a Series of Squares, - 
whoſe Roots are in A 7 Progreſſun, beginning at the Center 
or Point C, viz. o, Cf, Cd, (b, &. wherein the greateſt Term 
is O' Cb, and Number of Tow is Ch. Ergo OCb x: 0b. _ 
the Sum of all the Series, by Lemma 3 

Conſequently, the ©AC Xx Cbi— © Ch x + 4£Ch an — the Sos - - 
of all the Series Oy“. Oed. © ab, &c. which do conſtitute ; 
the Solidity of the half Zone am 4G. 55 
And becauſe OD AC—QOCb—=Qab. Ergo DAO . 5 


Conf, OACKCb:— b oc O, 
will be the Solidity of the hat Zones: SOT | 
Put D=AG= 2AC. x — am and Ha bB 22 Cb. 


| Then ©AC=0,7854 DD © ab=0,73542x. Andif | 
we turn the common Factur 9.7354 into the Diviſor 1,27323 | 
h h 2 and 


420 The Arithmetick & 5 Infinites Part v. 


— ——— —_—_— OS OS TC 


111 


and then take trip! e of that Diviſor, viz. 3,8197 (as bee in 


the Fruſtums of Pyramids) the Reſult of the recedent Wo k 
wall FORO this following Theorem. 9 85 : 


X x. DD 5 3 the middl 2 n 
. [Is — — - e 0 e : 


THEOREM XX. 


Spheres are in Proportion one to another, as the Cubes of their 
Diameters. (18. e. 12.) 


Demonſtration. ; 


"Sk D= the Diameter or Aris of any Sphere, and 4 
| the Diameter of another Sphere, either greater or leſſer. 


Then is o, 5236 DDD =— the Solidity of one Sphere, and 
0,5 236ddd S the Sulidity of the other Sphere, by Theorem 18. 


| -_ DDD : dad: : 0,5236DDD : 2,52364dd. AE Þ. 


THEOREM XX. 


5 = be + jd Content of every Spheroid is equal to two Third, 1 0 its 
' Circ! umſcriving Cylinder. | 


Demonſtration. 


N Suppoſe the Figure NTnSN in the annex d 1 to re- 
preſent a Spheroid, form d by the Rut ation of the Semi- * TNS 
about its 77 —_— Je Axis 755 (as by Definition 15.9 


Let D= TS the Length of the Sp. ervid, "and the Aris of 
its circumſcriving Sphere. Aud d=Nn the Diewcter of the 
greateſt Circle of the "pheroid. : 

hen becauſe TC: ONC:: OAb: Dab, by Stef 3 3. in Thew7 
Therefore it will be DD :&4d:; UA: Jab: O40: Qab, &. 
Bur the Sam of an infinite Series of 25 
ſuch Circles as OA, (wi. -oſe Diamters Aa: PE 1 


C * %" > by by 
are Chords) do conſtitute the Solid. ity of 1 — 5 8 | 
the Sphere, (as before at Theorem 18.) - „ B 
And the Sam of an infinite Series of ſuch V 


mee Or dinatef of the Ellipſis) do conſtitute \ 2 E 

the Solidity of the Spheroids, by D e 

mn 16. TN FS 
Ergo DD: ad: : 0,5236D * : :0,52364dD 5 8 
= the np! of the Spberoid, by Lemma 6 


Circles, as Qab, (viz. whoſe Diameter © | : 
7 / 


But 
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- Ile 2,52364dD = = of the Ghee, 1 * Diameter i 1s = at 
K ad H:ight = D, by Theorem 11. Q. E. D : 
| Nou from this Proportion between the Sphere and its inſerit 4 
Spheroid. it will be very eaſy to deduce Theorem for finding the 
ſolid Content. either of the Segment or middle Zone of any Spbe= | 
roid, having the ſame Height with that of the Sphere. 


- — — —— 


whole Spheroid : : ſo is any Part of the Sphere : to the like To 
Part of the Spheroid, by Converſe to Lemma 6. 


As for Inſtance, Suppoſe. ir were requir d to find the widdl 1 
; Zone of any Stheraid, a . 
Let D=TS, and d= . as hos; and H=b3B. 2 . 
3 AM, as 11 7 19. And let 64. 5 N 


As the Solidity of the wi ole Sphere: is to the Solidity of the 
For of 


r 


a Y Then 25 e 5 H= the middle Zone of the Sphere, Ad | 
5 DDA Ii, 2% H X dH 1 
. 836 D 0% :: E. gc e 
= 9 n 2 3,8197 9. ˙8197 38197 38755 1 
= the middle Zane of the Spheroid. | 1 1 
„ Again, DD: ad rec. | Therefore 2 „ 
: Conſequently, DD ae 47 x H. Which being — 
VS taken inſtead of 39706 = 215 will ariſe this following | ik 
of 2 ce. | a e 1 „ 
| THEOREM xxn.$2 2175 the be. | 
= 2 being the very ſame with 2 17. - | 
- Note, In the ſame manner you may raiſ- Theorems fr put 5 
the Sezmen of e cut off cicher of its Ends, &c. 9 
: THEOREM xxl. | | 
: Tie Area LL every Parabola is equal to two Thirds of 1 circa e 
Jcribing Parallelogram. | 
Demonttration. wy ©." 
Ja tne Figure SAB repreſent half a — ; make 5 * ll 


parallel to the Axis SA, and Sd parallel to the Semi- d- 
nate AB. Aud 1 Sd ro be divided into an 2 1 


FP), gn, fm, Ec. have t 


be Arithmetickof Jnfinites Kat V. 


| . of equidifant Points, a8 5, g, b, Kc. "a from thoſe 

Points imagine a Series of parallel Lines, viz. fm, gn, hp, &c. 

do touch the Curve of the Parabola, and meet the Sem-ordinate 
ine, JÞ, So. | 


hen according to the Property of the Parabols it will 


1| AS: AB:: Sa: Dam 
I21SA: DAB: : Se: Jen 
--C31S4: DAB: : Sy: Dyp, & 

1 Sa m. Se gn it 77 4 


| Therefore alternately it will be 
3, [4|OAB: dB: Opp: by 
2, 21048: 4B: : Dea: gn 


: In theſe Proportions Dam, 2 en, E 5p, Sc. are a Series of 
Squares, whoſe Reots, Sf, Sg, Sh, &c, are in Arithmetick 


_ Progreſſion, beginning at * Point 5, And becauſe the Line: 
ſame Ratio, therefore they are a2 

ſüuch a Series of Squares, wherein a is the en Term, and if 
Ca the Number of Terms. 2 


Conf equently 5 Ledde Sem of 11 thoſe Lines: by 1 3. 
Ax A 3 


| But SAX AB=dB x54. Therefore 1 


3 

cf all that Series of Lines ; : but all thoſe Lines 0 PID the 
Area of the Semi-Parabola's Complement, viz. the Area of what 
half the Parabola SA B wants of comp cating or e up the 


ES Parallclogram S 4A B. 


8 Wherefore SAX A B: — + + 5A x AB — 284) 2 4 will te 


8 the Area of half the reel SAB. _ 5 
SY Conſequently, „ SAX bB, will be the Se of the whole 4 


Parabols bs B. Q E. D. 


5 Example, Suppoſe the Baſ: or . Ovilinde of a F 
to be h B 24. and its intercepte Diameter or Axis be SA=Z33. 
ken 2S$AxbB=66Xx24= 1 and 3) ishs (528 the 
85 Kea of that Parabola. 55 i 
THEO R E M wav. 


Every parabolick Conoid ts equal to one bal f of its dren] vu 


linder. 


S£8hd | 


enn, ar, 5 4 | 


r 


d a to 0 Superfcie and Solis. „5 


Demonttration. | 


ib any Semi- Par abala (as BS A) be turn'd or mov 4 about its 
Aris , (54) it will form a ſu/id Parabolic Cnoid, conſtituted of 
an infinite Series of Circles, viz. Oba, Ofe, ©29, &c. by Defin. 17. 

Now, — to the Property of every Parabola, it will 


be, $4: A5. AB: 7 =, the Lazu keln. 


. x LS HbA 
: Then WexL=Ofe 

| }S$» xL=DQ gy, Ke. 

te Sox . Se x L, Sy x L, &c. 
are a Serics of Terms in Arithmerich Progreſ- Do OB 
fron. Therefore ba, Ofe, Og 7, &c. are f. } 
alſo a Series of Terms in the ſame Progreſ= |. 
ſon, beginning at the Point S, whereur B. 
OAB is the preateſt Term, and S A the TO 


IJ Number of all the Terms. Therefore A X 2 the Sur N - 1 


of all the Series, by Lemma 2. CE 
Conſequently, O AB x SA = the Sum of all the Sevies of 5 


Oba, Of e, Og 5 &c. * which G conſtitute the TY of 1 
the Cnoid. | | un, 


ory purting D=248, "ou HSA. pts - 
Then, 9.785450 * 4 H = 0,3927DDH will be the ſolid 


Y Content of the Conoid ; which i is Juſt half the * „ 
Baſe = D, and Height = = H. See Theorem 11. E ER -- 


Ihis being underſtood, it will be caſy to Pay 4 : Theorem for 5 
finding the lower Eruſtum of any Parabolick Conaid © 
For ſuppoſing þ = a 4 the Height of the Fruftum, and : 

p = Sa the Height of the Part l Sb nt F. Then h T p= =S4 5 
the Height of the whole Conoid. 


© Nr: 


= the Sum of the ” 


Conſequently, = wg 
%% e-t | ES 
And © . = the So'idity of the Part cut of. Fg 3%, 5 
|| Serbe 3 ha 


Us 


Libs Solidity of the 1 
| Bur Te AB: 2 Oba. 
13þ rp: ©4B::p: &ba Bo.” 
| © dFXI= Ohaxb HOW? | 
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S AB xp: — 0hkx3= ol 5 


S ABXh=2F: — Oba x 
© AB—+b: + Obaxh=2F 
ay — TO, 


2 2 


Let D = 2 A3, as . and 1 4 the Dias 4 | 


the Part cut off. Then we ſhall have this following 


THEOREM XXV. J % DN + 0,39274d : x þ = the } 


"© idicy of the Fruſtum requir d. 


2.5464 
be made, 3.8196) DD dd: * 26 (= the ſame Fruſtum, &c. 


. Notte. The Reaſon why 1 hve reduc'd this Theorem to have the | 
e ſame Diviſor with thoſe at the Fruſtums of Pyramids, Kc. will beſt | 
. appear _ on, VIZ. nhen they ail come to be app!) 4 to . 25 


8 in — 
7 H E 0 R E M XXVI. 


Every Parabolick Spindle (or Pyramiloid) is equal to ch | 


; Themes of its circumſcriving 9 


Demonſtration. 5 


* any acute Parabul, , as h & B, be turn 4 or mov d ow its 
greateſt Ordinate b AB. it will form 2 Solid call'd a Parabolick | 
: = conſtituted of ai infinite Series of Oma, O n e, „ © 77, 


Kc. by Definition 18. 


let us ſuppoſe the Lin od parallel to AB. Kc. as at Thee» 
rem 23. Then it hath alrea. ly been prov'd, that the Lines n, 
gn, hp, Kc. are a S. ies of Squares w choſe Roots are in Arith- | 
metick Prog reſſion. Conſequently, tier 97% er, VIZ. 0 f ade 


, ON bp, &c. will be a &ries 


of Biquadrats, whoſe Roots will be . 25 5 h bs | 


Ain wake Progreſſion ; which 
ä rang, premis'd, we may 1 : 
4 att : 


9 * e ee 
: Firſt 2 SA—gn—ne 
2 + + TOTS Kc. 


© 4Bxh: + © ABxp: ON p=2F I 


x b * F the Fraſer's Sally, | 


x bh = - the Fraſhum. For 3927) L, co 2.8464 
And becauſe 2,5464 4 — =3 3196. Therefore it may 


 appiyd to Superfictes and Solids. 425 
Bp 5 iy 2 A—2SA x fm+ 0 im=Oma | 
2 . 2:5 ODSA—2SAxgntOQOegn=One 


A 3 & ff 4 oO $3. 54x bp+ ODbp=UOpy, &, 


I. in theſe e/Lquarions, the SA, ASA, O54 being a Ferie? 
of Faual:, and A B the Number of all the Terms : therefore it 
will de NA —the Sum of the Series, by Lemma 1. 


2. Be-auſe fm, on, hp, c. are as 4 Series of * 5 
whereta SA is the goes eſt Term, and AB the Number of all 


1 2 AX SAX A 4 
_ the Terms, There{ Fe — DEE MECT = = _ — 


3 | 
be tlie Gm of ell chat Series, by 1 3. Ze 
3. And the . Den. ob, Kc. will be a Gries of Terms 


| in the Ratio of Biquadrates, as above, UAB = Q 4 being the 


grcate Ic, and 4B the Number of all the Terms; 
4 . 2 = the Sum of all the Series, | bn 


ö therefore 17 n be 
1 by Lemma 5. 5 8 
Whence it follows, that 54 * AB— 20 eee + — aa : 


- = the mn of all the Series of Ona, Que, A, Sc. 


| A | 1 5 
Thar | 13, SQ! | 3 2 = the Sus of all the Serie of - 
On. Que. D AB. e. | ” 
I: 
| Conſequently, = : 5 the Sum of all the Series 4 


Oma. One. O, & which d do conſtitute the Solidiry of half ” 
the Spindle, viz. of $.4B, | 
Therefore, putting D = 2SA, and MW = 2 (viz. 54 B) 

it will be o 41$88DDH= the Solidiry of the whole Parabolic 
S indle LSB, eing of PDE the Solidiry of its Þ 
clrcumſcrib.ng Otinder. R. 
From bee we may alſo raiſe A Theorem for finding tlie 
d ee SApy of the laſt Figure. , ; 
For © A being the great} Term, © Dy. the leaſt Term, : 
and Ay the Number of all the Terms or Circles included be- | 
tween 4 and v. : - 4 p | 
FE 2SAxhp A/ 

Therefore | VNV * b, 

| | of all the Series N 1 Ogn, Opy. 


— : 
4 


wo 7 X*31[2 3254—25dxbp +92 rx 4g=un 
Ls lit ' 2 = 


des the am 


enn 


v. 


426 The Atithmetick of Jnfinites, &c. Part 


2 + £1 ; 3084 25.4 x bp + 25 = 35 


| But) 4/ USA AN = Opy— Qbp . By 6th Step | 


Conſequ. 2 © SA+ © py—2 © bp: * A4 . the 


Sum of all the Series of OA. Om. One. &@ py, which 


do conſtitute the Solidity of the Fruſtrum SApy . Therefore 
putting D 25A, as before, C= 209, x = 2kp, and H = Ay, 
it will te 1,5708 DD +0.7854CC— 90,31416xx:X + H 
the Fruſtrum SA py. And if we make L 2. 
Then 1,5708 DD + o, 785400 — $,31416xx: XL the 
double of that Fruſtrum, being the middle Zone, And by turn- 
ing theſe Factors into one common Diviſor, as in the Fru{trum 
-- i Conoid at Theorem 25. Page 424. there will arife this 
— Tm. EET Eee | 


' THEOR. XXVII. 


the middle Zone of a Parabolic Spindle. 


It may be here expected that I ſhould now proceed to ſhew 


ho the Area of any Hyperlola, and the Contents of ſuch Solids 


zs may be form'd by the Rotation of that Figure about its Axu, 


Kc. may be found. But becauſe thoſe Things can not be 


ecrxactly perform 'd by any certain or ſettled Theorems, as theſe 


of the Circle, Ellipfs, and Pærabola have been, I've therefore 
cCmitted them, and refer the Reader to Dr. Wallis's Algebra, 
Chap. 9o, &c, or to the Philoſuph. Tranſ. Number 34. wherein 
he may find the Aethed of forming infinite Series relating to 
the ſquaring of an Hyperbola, &c. which are too tedious to 
be fully explain d and demonſi rated in this ſmall Tract, it be- 


ing only intended as an Introduction, the which I ſhall here 


Knee. 


„ 


03.8196) 20D TCC -er: XL (= 


bad the of fix Foot) then they may be of ſome Uſe, eſpecially 
in fmall Numbers; altho' even then, the Operations may be 


mentions, and for that Purpoſe they are very convenient. 
: %%% 7 7 Ree _ 


REES 2 FR » * i n — «ti... : : 


* .. 


— 
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 Pradlucal Gauging. 


T HE Art of Gauging is that Branch of the Mathematics 


calld Stereometry, or the meaſuring of Solids, becauſe _ 


the Capacities or Contents of all Sorts of Veſſels uſed for 
Liquors, &:, are computed as tho they were really ſolid Bo- 
dies, which any one that hath made himſelf Maſter of the fore- 
going Parts of this Treatiſe, may eaſily underſtand, without any 
farther Directions. % Cm 2 
However, b.c2uſe it is not to be ſuppos d, that every one 


who deſigns to undertake the Office or Employment of a Gau- 


20 hath made ſo great a Progrels in Mathematical Learning, 


have therefore preſented the young Gauger with this Appendix, 


wherein I've only inſerted ſuch Rules as are uſeful in Gauging, 


and have been already demonſtrated in this Treatiſe. But here- 


in, I pre- ſuppoſe that he hath acquir'd, (or if not, it is very 


requiſite he ſhould acquire) a competent Knowledge both in A. 5 


rü ttick and Geometry. That isse. 
IL. In Arithmetick he ſhould underſtand the principal Rules 


very well, eſpecially Multiplicat ion and Diviſion, both in whole 
Numbers and decimal Parts ; (which may be eaſily learn d out of 


the 2d. 3d, and 5th Chapters of Part 1.) that ſo he may be ready 


in computing the Conten:s of any Veſſel, and caſting up his 


Ganges by the Pen only, viz, without the Help of thoſe Lines 
of Nambers upon ſliding Ruiet, fo much applau.ted, and but too 


much practis d. which at beſt do but help to gueſs at the Truth. 8 


I mean ſuch Pocket Rules as are but nine Inches, or a Foot 
long, whoſe Radius of the double Line of Numbers is not ſix 
Inches; and therefore the Graduations or Diviſions of thoſe 
Lines are ſo very cloſe, that they cannot be well diſtinguiſh'd. 
Tis nue, when the Rulcs are made two or three Foot long. 7 
much better (ang almoſt as ſoon) done by the Pen; for in- 
deed the chief Uſe of Sliding Rules, is only in taking of Di- 


il. in 


ſ 
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II. In Geometry the Gauger ſhould underſtand not only how to 
tike Dime ſions, (which is beſt learn d by Practice) but alſo o 
to ſivide any irregular Figure or Superficies, is B, cwers Backs, 

or Coolers, &c. into t eaſieſt and feweſt cular Figures they 


will admit of, that ſo their Area's may be truly compared with 
the leaſt Trouble. And this may be leari: i (with a little Care 


and Diligence) out of the iſt, ad, and 5th Chapters of Part 3, 
which the Gauger ſhould be well acqu4iinted with, 
A. ſo he ought to have ſo much Sill in Solids. as to be able, 
even at Sight (but this muſt be cꝗquir d by Experience) to deter- 


mine what Sort of Figure any Veſſel is of, (vi-. any T un, or 
cloſe ik) » whar Figwe it may be beſt redu d to, fo that 


its Dimenſions niuy be truly taken, and the Cuntent thereof 
cComputed with the leaſt Error. I fay, with the Iraft Error, 
becauſe it is very difficult, if not impoſſible, to do it exaly ; 
For chere is not any Tun or (ast, &c, ſo regular) made, as by 
the Ru es of Art it is requir'd ro be. 5 
III. Beſides the aforem-.nrio::'d, the 50 
that all Dimenſions uſeful in Gaug ing, are to be tækei., in Inches 
and decimal Parts of an Inch; nd if they are taken in amy 


other Meaſuret, as Feet, or Tards. &c. thoſe Meaſures muſt be 


7 reduc d to Inches, ( ſce & ct. 4. Page 42.) becauſe the Contents of 


all Sorts of V:ſſe/s Craken Notice of in Gauging) are computed 
by the Standard Gallon of its Kind whoſe Content is known to 


be a certain Number of Cubick Inu That is, the Beer or Ale 
_ Gallon contains 282, the li Gai/on 231, and the Corn Gallon 
208, 8 Cubick Inches. (See the five Tables, 8c. in Page 34, 38, 
30, which I here ſuppoſe the Gauver to have learn d perfectly by 
Heart) Conſequently, if either the {uperficial or ſolid Content 


of any Veſſel, as Back, Tun, Caik, &c. be once computed in 
_ _ Cubick Inches, it will be eaſy to know how many Gallons, ei- 


ther of Ale, Wine, or Cin, that Veſſel will hold. 


Vote, I have here ſaid, the ſuperficial Content in Cubick Inches, 


wuich may ſeem to be very improper, according to the Defini- 
tion given of a Suberficies in Page 279. But you muſt know, 


ng Ganger muſt know, | | 


0 


To 


be 
Fi 


12 


that in the Buſineſs of Gauging, all Superfici:s, or Area's are al- 


ways underſtood to be one Inch deep; otherwiſe it could not 


be ſaid (at in the Gauger t Lenguage it is) that the Area orf 
ſuch a Back, or of ſuch a Circle, &c. is ſo many Gal.ons, 


Iheſe Things being very well underſtood the young Gauger 
will be fitly prepar l to underſt ind the follow ing Problem 
which are ſuch as have (off of ih m) been alre dy propos 


in the foregoing Parts of this Treatiſe, aud only are here apply'd 
to Practice; and therefore I ſhall, for Brevity's ſake, often refer 
to thoſe Theorems and Problems. 


... X00 


J | 


„ 


Ls I. T s fin the Area of any l lin 'd Sep bs - 


| Gallons, | 
p R 0-81 E M : 


To. 7 ful rhe Area of any ſquare Jun, Back, or Cole, *. ci ither 


in Ale, — or Corn Gallons, 


- Meltiph the given Zee or Breadth ( being here equal) 5 


into i: ſelf, and the Product will be the Area in Inches; 


Rule. de divide that Area by 282, or < Hl or 268,5 and 


the Quotient will be the Area requir 4. 


e Suppoſe the Side of a ſquare Tun. Back, or 1 


be 124,5 Inches, what will its Area be 11 Gallons ? 
Firſt 1 24,5 & 124,5= 15500, 25 the Area in Inches. 


nen 282) 15500, 25 ( 54,96, Cc. the Area in Ale Gallons. 
Aid 231) 15500, 25 (76, 10, &c. the Area in Wine Gallons. 
| or 268,8 ) 15500, 25 | 57756, De. the Area in Corn Gallons, i 


But if any one would rather work by Mu! riplication ow by 


Dien, he may turn or change any Diviſor into a Multiplica- 


tor, if he divide ne or I. * that ee 9 — Problems 3. 


page 402.) 


Thus 282) 1,000000 (0,0 DE the nie fs A + Gallons. 5 
And 231) 1,509c09 (c,004329 the Multiplicator for M. Gallont. 
Or 268,8) 1,00000c (o, 3722 the Multiplic ator for C. Galinti. 
Conſequently 16 5 0, 25 & 0,003546 = 54496, Cc. the Area 


in 4. Gates, as before ; and ſo on for the reſt. 


PROBLEM II. 


7 4 the Area of any Tun, Back, or Coles, in the Form of 4 
l rig li- ang led Prallelngram, in Ale Gallons, &. 


Fee the Rule for fin ii g its Area in Inches, at Prob. 1. Page 


333. Then either divide (or m»iciply ) that Arca, as above, | 


and you will bave the Area in Gallons. 


Example, Suppoſe the Length of Werner: Tm, Back, or 
Cooler be 217,5 Inckes, and its Breadth 85,6 Inches, what will s 


its Area be in Ale or ; "i Gallons, &c ? 


Firſt 1923 86,6 — 18648. Then 282) 18648 (66,12, c. 
Or 1864 
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* o. 03546 = 66,12, (. the Free requird, fc, 
Ly R O B LEM 


Mg 


tlie diagonal Line AC. "upon the Bot- 
tom of the Back, and ſtraining it again ,1/ 
to the Angle D, ſtrike another diago- TY 


diaginal Line G D, Ke. Th n having | 
mark d our all the Diagonals, the Perp: adioles may be thus 
found: Faſten (as before) one End of the cha/k'd Line in the 
Angle B, and then by moving it to and fro upon the ſtretch, 
find out the neareſt Diſtance between the Angle at B, and the 
diagonal Line AC; there ffrike a Line, and it will mark ont 
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PROBLEM III. 


To find the Arca of any trian;;ular Tun, Back, or (voler, in Ae 


& al ont, Kc. 


. the Rule for finding i its Gre in Inches, at Prob. 35 Page} 734. 
then divide (or multiply ) chat Area as before, and Jy. wil | 
dave the Area requir'd, 


Example, It the Length of the Baſe of a triang ular Coder be 
86, Inches, and its pe: me breadth be 57 Incl. es, what 


will its Area be 1 in Ale Gallons? 


Firſt 86,4 K = 2462, Then 282) 2462,4 ( 8,73, Ce. 
Or 2462, X 9, ee = 8,73, Ce. the Area in Ale Gallons, 


\ Proceeding thus, you inay enſily find the Ar:a of any Tun, 
Back, or Cooler, whether it Le in the Form of a Rhombas, Rhom- 
boides, Trapeziur, or of any other Fo/ygow, eicher reg lar or 
irregu ar, in Ae or Ber Gullons, &c. if you firſt divide it into 

Tian glet, and then find the Arcus of thoſe Triangles, (as in 
te 24, uh, Sth, and 6th Problems in C apier 5. Part 3 ) the Sm 


Ol f thoſe Area's being divided (or maitiplyd) by its proper Di- 
viſor, (or Multiplicator) as at ove, will give the Area requir d. 
No the Practical Way of divi. di ug any Pilygenous Tun, Back, 


. 2 into Triangles, is by help of a chalk'd Line, ſuch as the 


Cirpenters uſe, and may Þe thus perform: d. 


Suppoſe any Brerer's Tun, Back, or Cooler, in the Form of the 


annex J Figute ABCDEG. Let one End of the cha d 


Line be faſten'd with a Nil (or or: berwiſe) in any Corner or 


Angle of the Back, as at , then 
firaining it to the Ang le at C, ftrite 


nai Line, as - 1D, and ſo on for tae _ 


the Perpendicular from B to the Line AC, and fo on for the 


bother Perpendiculart, which being all mark d out upon the Bot- 
tom of the Bagk, meaſure them, and cach my by a Line of 


= Inches, 


« Fog . . 29% Te 4 


And that its Area is 0,985 39815, &c. (or 0,7854 fere.) | 
2. Alfo, that the Peripheries of all Cire es are in Proportion ne 
to another, as their Diameters are; and their Area s are in Pro- 

portion to the Squares of their Diameters. That is 3 
As 1: 3,1416: : the Diameter of any Circle : Jo its Periphery. 
And 1: , 7854 : : the Sqnere of the Diantter: To the A. 


8 


| 
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Inches, 8c. And then the Area of that Back may be computed, 
/ (((( F 
And here. by the way, it may le obſerv'd, That the Number of 
Triangles will always be leſs by tno; and the Number of the Dia- 
gonais leſs by three, than the Number of the Sides of any rigti- 
lin d Figure that is fo divided, 1 „ | 
Having found (as above) the true Area of any Brewer's Back 
or { ooler, (wich, according to tre Laws of Exciſe, ought always to 


le fi d or immoveable ) the next Thing will be to find out the 


true Dipping or Gauging Place in that Back, that fo the true 
Quantity of Worts may be computed or caſt up at any Depth; 
which may be thus done. | 


. When the Bottom of the Back is cover'd all over 0 of any : 


Depth) either with Worts or Liquor, (viz. Water) then dip it 


in eight or ten ſeveral Places (more or leſs according tothe Large- 


neſs of the Back) as remote and equally diſtant one from ano- | 
ther as you well can, noting down the wet Inches and decimal 
Parts of every Dip. VVV 1 85 
2. Divide the Sum of all thoſe Dips or wet Inches by the 
Number of Places you dipp d in, aud the Quotient will be the 
mean Met of all thoſe Dips. UVV! 
3. Laſtly, find out ſuch a Plice by the Side of the Back (if 
you can) that juſt wets the ſame with that mean Dip, and make 
a Notch or Mark there for the true and conſtant dipping Place 


of that Back. Then if any Quantity of Worts (which do cover _ 


the whole Back) be dipp'd or gang d at that Place, and the wer 
Incies fo taken be multiply d into the Area of the Back in Gal- 
lons, the Product will ſhow what Quantity (viz. Fow many Gai- 


ont) of Worts are in that Back at that Time, provided the Sides 
ok the Back do ſtand at right Angles with its Bottom. 


Sect. 2. To find the Area of any Circular and Elliptical Super ficies ; 
on J)) el 
1. 1 have demonſtrated in Chapter 6. Part 3. and Theorem 3. 
5. 6. Part 5, that the Periphery of the Circle, whoſe: Diameter 
is Unity or 1. is 3, 14159205, K. (or for common Uſe 31416) 5 


- Upon: 


3 "of Pranical Gauging. | FD 


— * 
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Upon theſe two Proportions depends the Solution of all the 


Common or Pr alical pon about 2 Circle, See Page 402 


aud 4403. 
PROBLEM W. 


The Diameter of any Circle being given in Inches, 70 fnd the 


Ferip⸗ ery. 


Maldph the given Diameter with 351 41 65 * the Produ 
| Bule.{/ be tl: e Periphery requir d. See Prob. 1. Page 402. 


1 rample, Suppoſe the Diameter of a G rele be 5455 Inches, and 


it were requir'd to find its Periphery. 1 
Then 54,5 x 3,1416 = 171,21, &c. Inches, is the Peripher 
requir'd. 

The Converſe of this is n Vit by kvies the Peripher 
3 to 21 the Diameter. Sce Prob. 3. Page 40% 


PROBLEM 8 


5 The Diameter of any Circle being given, (in Inches) to fad its 


Area 1 in Galions. 
Mau! io y the Square 0' the propos d Diameter into 0,7864, 
Rule 1 and the Product will be the Area in Inches (ſee Prob. 2. 


Page 402.) that Area being divided 25 282 or 2315 Kc. | 


the Quotient will be the Area requir 4. 


3 FLY Suppoſe the given Nane be 54,5 eben n above. 
Firſt 54,5 54 = 297% 23 And 29705 25 X2,7554 = 4 83 
the Area in Inches, 


Then 282) 2332 83 0 8,2724 the Area in Ale or Beer Gallons. 


hs And 231) 2332,83 (10,0988 the Area in Wine Gallons. 


Or 255,5) 2332,83 (8,6788 the Area in Corn Gallons. 


But theſe Area's in Gallons may be much eaſier found, ROY 
out knowing the Circles Area in [aches as above, by having 
the Square of the Diameter of that Circle whoſe Area is one 
Gallon, 235 may be thus found, by Theorem 6. Page 401. 


0, 785398 12 282 359,05 the Square of t e Diameter of 


Þ = Crrcle be Area is * cu icl Inches, viz. one Ale Gallon. 


And from this Proportion will ariſe theſe following Divijors ; 


| Viz 785308) 282,050900 (359,05 will be a Diviſor for 4.G. 
And 0,785398) 231,c0c000 (294,12 will be a Diviſor for W.G. 
Or c,785398) 268,800ccc (342,24 will be a Diviſor for C. G. 


: 


E K. S .. 


BM fhorteft Diameter) of any elliprical _— _—_ Swen, o 


Rule. 


in Hine Gallons, &c 


PS Pradical — 7955 433 = 


If the 8 T d 
one of theſe un or fix d Diviſors, the Quotient will · ſlneu 


that Circle's Area ui their reſpective Gallons. As for Inſtance i in 
the laſt Circle, whoſe Square of its Diameter is 2970, cit e 


And 294, 12) 2970, 25 (10,0985 the Area in N. 2 
Or 342,24) 2970, 25 ( 8,5788 the Area in C. G. 


Then 359,05) 2970, 25 (8 2725 the Area in A. G. T 
As before 
Now theſe Diviſors may be turn'd into Mu 8 by 15 


dividing Unity or 1. as in Page 429. Or rather by dividing 


the Area in Inches of that Circle whoſe Diameter is ** 
That is, o, 785398 by 282. Or by 231. C. 


Thus 232) 0,785398 (2,002735 the Multiplicatur for Xe Gal: | | 


And 231) 0,735398 (0,003399 the Multiplicator for Wine Gal. 
Or 263,8) o, 785398 (0,902922 the Multiplicator for Corn Ga? 
Theſe Multiplicators are the reſpective Area's of a Circle whoſe 
Diameter is 1. And therefore, if the Square of the Diameter of 


any Circle be. nultip y 'd with any of theſe Numbers, the Product 
will be that Circle iy in Gallons of the ſame Name. 1 


Vize 2970,25X0,002785 8, 2725 the Area in A. G. as above: 
And 2970,25 KO, 03399 = 10,0988. the Area in W. Gal. &c. 


Thus you ſee, that if the Diameter of any Circle be given in 
Inches. there are three ſeveral Ways of finding its Area in Gal- 
lons, and all equally true ; but that which is perform a by the 2 
conflant. N 1s moſt general prattis Cs - 5 


P ROB LEM VI. OC 
The Tranſverſe (or longeſt Diameter) and the Conjugate (or 


| find its Area in Gallons. 


 - Multiply the two Diameters; (vis. the 1 3 : 
Breadth) together, and divide their Produtt by 359,05 


1 Quotient will be the Area ue d. See Theorems 7. 5 
ene 406. 
e ok the "DR" 1 to Ks 73,5 1 and 


the ſhorteſt Diameter to be 5 1,6 Inches, what will the Area be in 


Ale Gallons? 


Firſt 73,5 & 51,6 = 3792.6. Then 359,95) 37926 (10,56 
the 021 in Ale Gallen, Or 29471 2) 37926 (12,89 the Area 


for Ale Gallons, or 294,12 for Wine Gallons, &c. the 


N 1 None 8 


| 
[ 
4 
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NMote, The two laſt Problems are of great Uſe in gan 
Morts amongſt Country Vicluallers, who generally brew k 
| Lengths of Ale, (viz. perhaps between 25 and 60 Gallons: at a 


the Top than at the Bottom. | 


ing of 
ut ſhort 


ier a Circle, or an Elipſu, 
moſt commonly wider at 


| of any Segment being given, t0 find the Area of that Segment 


4a | 


\ 


* 


5 8 


3 


=, 
* 
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4 Table of the Segments of a Circle, whoſe Area is Unity 
1. The Diameter being divided by parallel Chord Line g 
into 100 equal Parts. VVV. 
.S. Segment 8 Segment| . S. Seg men. V. S. Segment . 
10,017 260, 2866 51 [o, 5127 | 76 0,8155 
2 o, ooꝗg8 270, 2178 52 8,525 7 88262 
3 | 0,0087] 280, 2292 53, 5382 78 0, 8369 
| 419-9134] 29 o, 4 7 54 5599] 79 0,8474 
| 5 O, 8187 300.2523 55 0,„5635 80. 0,8576 
60,0246] 1310, 26040] 56 0,5764 TS 0,8677 
7 o, 308 320, 2759 (57 0, 58888 820, 8776 
8,0375 330, 2878 58 0, 60144 83,8873 
98,0440 34978 514% 84 0,8968 
eos 35,3119 [60| 0,6265]* [85 0.9959 
1 0598 |36[0,3241] 61 0,6389040 86 0,9149 
ö 12400680 37 o, 3364] (6210, 65144 87 0.9230 
. 13 0,764] 380, 3486 (63,6636 88 0,9320 
E 14 0851 39 0,3611 64 0,6759 89 0,9402 . $ 
I5| 0,0941 4083235 65 | 0,6881 90 0,94.80 55 4 
16d, 1034 41 0,3860 660,752 9159554 as 
"W792. 1421063007 - | 071 co7 120 | 921 0ap02y y i 
5 18 0.1224 | 43 24112 | | C8 l 1 93 0,9692 | | - b 
190, 13234 [44 54228 690, 73000 94,9755 | 
eit [45104365 12 [0.747 eee? 
21 [0,152] | 4510449. 71 7593] 1. 9919,9806 | ( 
| 22 |c,1631] | 4710,4618| 72 9,7708| © | 9710,9913 | | 
. 22 10,1738] [48,474 73 0,7824 980, 9932 f 
. 24 | 0,1845] | 49154573] [7%] 7934 | 991929993 | | 
2 23181255600 518882 O. S 45 195 11.0070 | 
b Ihe Uſe of this Table of Segments depends upon the fol- 
. bing Proportion : | | 0 6 1 e 1 . 
1 (A. the Diameter of «iy propos d Circle: is to 159 (the 
> | Viz. Dancer the Lab ular Circle) : : fo i: the Height of any 
> fl Q@ Segment of the propos d Circle: to a ver ed Sine in the Table. 
g Then if the tabalar Segment, which ſtands againſt that verſed 
0 Sine, be multiply d into the Circle's Area, ( either in Inches " 
„ | Gallons) the Product will be the Area of the Segment requir d, 


(of the ſame Name) viz, If the Circle's Area be Inches, the Seg- | 
4 vent will be Inches: If Gains, os Segment will be Gallons. | 


Eramie, 


11 


wy 2 | Of Pratical Sauging, : 


| Example, 1 the Diameter of the given rele be DA= =625. 
Inches, and the Height of the Segment — 
ſought be FA= 20 Inches, what will 
its Area be in Ale Gallun n!? 
FPirſt, the Area of the whole Circle 
will be 10,8793 Ale Gallons, By Prob- 
lems, And the Proportion will ſand \ 
- has, 62,8. ich: 20 32 the- 
- verſed Sine of the 1 able, whoſe Segment . FL 
18 042759. | 
Then 10,8793 x © 279 = = = 3,0016 Ale Gallons. being the 
Area of the 5. gment B AGF, as was requir d, The like may 
de done for Wine Gallons. Corn Gallons, or Inches. 
And upon O-cafion, the like Segmen: s of any Ellip/is may be 
eaſily found. See the Preportions in the Corol.avies to the qth 


and 8th J heorenis, Page 456, Cc. to which 1 here for — i 
_ fake refer the Reader. 


: Sect, 3- To compute the Contents 4 nk Veſſel (viz Tora, Ge) 
3 44 are in the Form of the following Solide. 
Ne. Before the young Gauger proceed to theſe Computa- 
tions. he ſhould be well acquainted with ſuch Solids as are 
defin d in Page 396 and 397. And then he will eaſily under- 


ſtand what Sort of Figures are meant in the . Problems, 


= without the Repetition of many Words. 


5 - PROBLEM VIII. . 
- To find the Content of any Priſm, whoſe Sides are Flein, 4 
. what Form ſcever its Baſe is of. 

"That i is, to compute the Content (in Gallons) of any . Ke 


whoſe Sides 2re Parallelograms which ſtand uprig lt, or at in 
Angles with its Bottum. 


Firſt, find its ſolid Content in Inches by Thewem 9. hw 408 


| Then divide that Content by 282. or 231, or by 268,8, the 


 Owitient will ſhew the Content in their reſpective Gallons, vix. 
Z In Ale, Mine, or Corn Ga'lons, | 
Or elſe wwtiply the Content in Jacket with G or 
MY 0.004529, Ce. (See the Mul. iplicatort. Page 429.) thoſe Pro- 
dacii wil be the Content in their reſpective Gola” | 
Ts Or otherwiſe thus. 
Find the true Area of the Tun s Baſe or Bottom, as directed in 
Sellien 1. Page 42g. That Area being multiply with the 


Tun s Height, (viz. Dep: b ) will . the en in 
Gallons, a5 before. EET. 1 ak 


IF un\ike. 


"of f Prattical Gaußing. . 27 5 
Y take the Work of this Problem to be fo OP * it enceds 


av Bangle 
PROBLEM N. 


X To find the Content of any Pyramid (in Gallons) »hoſe Baſe i is 


| bounded with right Lines, 
| Every Pyramid i is one Third Part of its circunſeriting Priſm, | 


| 1 Theorem 10. Page 409. Therefore 


If the Area of the Baſe of any Pyramid in Gallons, de al- 


ply d into one Third of its perpendicular Height ; or if one Third 


of that Area be multiply d with the whole Height, either of 


thoſe Products will be the Content of the Na in Gallons, : 
Ke. 


But the Content of any ſquare Pyramid may be eaſily found 


: in Gallons by this Rule. 


„Square the Side of its Baſe, and ackby that | 
with the perpendicular Height; then divide that Product 
by 846 = 252 * 3 for Ale Gallons, or by 693 = 23x 
4 ** W. Gallons, or by 806, 4 — 268, 8 „ 3 for petal 
( Gallons, the Qudtient will be the Content requir d. 


Or if you multiply the ſaid Product with o, oo 182 for 4 G. 


Rule. 


| or with o, 01443 for V. G. or laſtly with o. 021 1241 for 0 G. : 
— the Re ſult will de the Content requir J, as before. | 


PROBLEM TE 


| To find. the 5 (in Gallons) of the Fruſtum of any 7. 3 


Pyramid, cut off by a plain Parallel t0 its Baſe. 


Firs: Either by Theorem 15. Page 413, or Theorem 16. page : 
414, find the propos d Fruſtum's Solidity in Cabick Inches, Then 


divide that Content in Cabick Inches by 282. or 231, Cc. and 


the Quotient will be the Content of the Fra um in the ir 1 . 


| ctive Gallons. 


But from the aforeſaid 8 15. there may be eaſii y de- | 
duc'd the following general Rule for finding the Content of 
the like Fruſtum of any Pyramid, what Form ſocver its Baſe- 

are of, ( ſuppoſing them to be Parallel J whether they are alike or 


Firſt find the Area of each Bale, (wiz the Top and Bow-- 
\com Area's of the propos'd Fruſtum) then find 4 geo- 
metrical Mean betueen thoſe tuo Area's, (by Lemma 1. 
Page 77.) the Sum of thoſe two Area's, and their Mean, 
being multiply d into one Third of the Fruſt um: Height, . | 
L nill produce the Content N 4. 


Example, = 


2 : "Of Panel Sending 
"Pu, 2 2 Tun in the Form of the oer af 


8 25 of a Pyramid, whoſe Baſes are equilaterul 7 riangles. Let the 


Side of the Top be 42 Incles, the Side of the Bottom be 63.4. 


Inches, and its Height (viz. Depth) be 33 Inches, wiat will 


| the Content of that Tun be in Ale Gallons 2 


Firſt find the Area of each Biſe in Inches, by Problem 7. | Page : 


| 3373 ; then find what tlioſe Area's are in Ale Gallons, by Prob- 


lem 3. Page 435. Multi; ly thoſe two Arca's together ; the ſquare. 
Root of their Prodalt will be the mean A ea, c. as ul this 


Example. 


9 + The Ares of the Top is 2,71 | 
Example. The Area of the Bottom is 6,1 oy Ale Gallons. | 
C The mean Area will be 4,07 | 


= 


Their Sum is 12 95 


Then 12,9 * = = 115 Or: TE * 3. 1459 the Con- J | 


5 cem requir d. 
PR 0 B L E „1 XI. 
To ſind the Content of any right Clinder i in Gallons. 


Es That is, to compute the Content of any round Tun, &c, 
| whoſe Diameter: at Top and Bo:tom are equa 7 and at rig hr 5 


- Angles with its Sides. 


he Content of ſuch a Tun may Is Found by- Theorem 11. 


page 409. Or otherwiſe by the following Kule. 


and divide the Product by 359,05 (or multiply with 


5 Multiply the Square of the Diameter into the Height, | 
aur. f 002785) S. as in Page 433. hat 40: tent 8 . 


Product) Null be the Content requir d. 


7 Exam. Suppoſe the Diameter be 42.5 and the Heig't 31,5 N | 
Fl $2,5X42 521806, 25. And 1806,25 X 31,5 = 56896,875 
Ihen 359,05) 55896, 875 (158,46 the Content | in 14 Gas c. 


PR OBLE M . 1 
To find the Content of any Cone or round Pranid i in U allons. ; 


| Becauſe every Cone is one Thi-d of its circumſcribing Hlinder, 


Cee Theorem 13. Page 410.) therefore its Comene: NF be truly 5 


und by the following Rule. 


1 — \Vhe perpendicu ar Height ; then divide their Product 
Rule, 7 


— Quotient will be tbe Content requir 4 


Aaltipiy the Square of as Diameter 7 its Baſe 15 
3 7773575 5 359,05 * 3 for Ale Gallons, or by TY 


882,36 = 294,12 Xx 3 for ine Gallons, &c. and the 
Or 


of Pratical Gauging, 2 


Or Or if the Caid product de multiply d with © n = — ' 


or with 0,001133 = === thoſe rod. will be the Content 
in their reſpective Gallons. | 


Example, Sap; ofe the Diameter of the Baſe be 42,5. and the 
perpendic ul ar r be 315 Inches, what will the Content be 
in Ale Galions? (As before. 
Firſt 42,5X 42 2,6 21806, 28, And 1$96, 25 X 31,5 = 56896 87 
Then - 1077,15) 56896,875 (52,92. Or 50896, 25 * 2 


= 52,82 the Content in Ale Gallon, And fo on for Wine os 
Corn-Gal/ons. 


is 


PR 0 B L E M XIII. 
Fs find the Content tf the lower Fruſtum of any Cone i in Gallons: - 


That is, to compute the Content of any round Tun, cee. whoſe : 
Diameter, at Top and Bottom are parallel, but uneg wal. : 
Ihe Content of ſuch a Tun may be found by the Rue at 


| Problem 10. but from Theorem 16, Page 414 it Fw be eaſy to ; 
deduce this following Kue. 


To the trip e Prodact of he Tap and Bottom Diners: I 
2 Vadd the Square of their Difference ; mu tiply that Sums 1 
Rule. Cite tte Heig/r, (or Depti:) then divide the laſt Product | 
D 1077415 for Ale Gallons, or by 882, 36 for Wine | 
Gall ns, the Quctient will be the Content requir d. 


1 ey Suppoſe. the Diameter at the Top be 62,4 FINTD 
| the Diameter at tiie Bottom 45,6, aid the Height 30 Inches. 


iſt. 52,4 X 44,6 =2357,0 And 2337,:4X3=701T, 12 443 1 

6 Alſo 8 1 = 7,5 * And 7,5 x 7,8 = 0 ty, * | 

: The Height 307071, 96 2121 58,8 
Then 1057, 15) 212188,80 (196, NY Content in 4 Ga: 
Or 212158,8 K 9,c909928 = 196,96 5 : 

And ſo on for either Wine or Corn Gallons, as Occaſion requires, 
But if the Tun Cor Viſſel) be not truly circalar; that is, if ei- 
ther its Top or Bottom ( or both of them) be el.ipiical, whether 
they are 4.1ke or like it matters not, the Content of ſuch a - 


Tun ma 17 be * found by the general Rale at Problem 10. 


p ROB L E NM XIV. 
Tube Axis ar Diameter of any Sphere or Cole being given n 
Inches) 10 find its Content ia Gal.ons. 


Every Sphere i is two Thirds of its circumſcribing Olinder, by 
Theor. 18. Page 417. 8 whence and Theor, 20. Page 42c · It 45 
bro 


440 3 Of f Padteul — 5 


prov d, that if the Cube of the Aris of any Sphere (taken in 


5 Inches ) be multiply'd into o, 5236. the Pradact will be the Con- 
tent of the Sphere in cubick Inches. Conſequently, if that 
Content be divided by 282. or by 231; Cc. the 2 will 


be the Content in Gallons. 


But thoſe two Works of multiplying with o 236. and then 
| 83 by 282. or by 231, Cc. may be contracted into one. 


Thus 282) o, 5 236 (o, oo1856 will be a Multipli:a. for A. G. 
And 231) 0,5236 (o, oo266 will be a Multip'ica, for M. G. 


- 0,5236) 282 ( 538,57 will be a Diviſor for Ale Gal. 
Aud 055236) - 231 ( 441,17 will be a Diviſor for Wine Gal. : 


From hence ariſes this following Rule. 


538,57 (or multiply'd with N. or divided 


_ their reſpective Gallons. 


7 - Prana, Suppoſe the Axis or W of a Sphere or Glibe : 
- be 22 Inches, how many Ale Gallons may it hold * 15 

: Then 22 * 22x22 = 10643. And 538,57) 10648 (19,76 AG. 

Or 10648 x0,001856=19,76 A. Gal. the Content - - 
5 And nd for either Wine, or Gorn Gallons, if erate require. 5 


PR 0 Ks EM NV. 
To find : the e of any Segment of 4 Shoe in Gallons 


In the Scholium Page 418, there are two Theorems for refol v- 

ing of this Problem, according to the Data, . 

I. If the Diameter of the Segments Baſe and its Hei 1. 

given, the Content may be found by the firſt 1 4 thoſe Theo- 
rems, whach gives this Rule. 


Square of the Height ; then multiphj that Sum into the | 


is the triple Square of balf the Dinas: add the _ 
Rule . BE and divide the Product by 538,57 for 4. G. 


or Ly 441, 17 for H. G. &c. 4s above. 


| 35 2. But if the Axis of the Sphere, and the Height of BY Se- = ; 
mint are given, the Content — * : found by * ſecond of. - 
EL thoſe Theorems. = 15 
7 8 8 From the ple Produt oY the Axis inte 1 Height: 
. Rule 2. 4 tract twice the Square of the Height ; then mu 'tioly | 


e Remainder into the Height, and divide th at Product 
by 538,575 c. as in rhe * eee 


EE wo the Cube of the Axis of any Sphere be divided 5 


by 441,17, (or elſe multiply d with o, O0 2266) te 
Quotient (or Product) will $4 the "nm 5 Content in : 


9 N 1 — GG SD 
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Either of theſe Rules wall produ- e the Content of the Segment 
in Gallons. - | 

Example, Suppoſe te Diameter of the Serment's Baſe be 28 
Inches, and its Heigit be 8 Inches, what may it — mn 
Ae Galle es 


.. Firſt 2) 28 (14- Then Gy Rule ) 14. 14x ; 3 | 
And 6x6=35. Next 533+ 36 = 624. Again 624X6= 3744+ 55 
Laſtly, 538,57) 37 44 (6,95 the Content requir'd. 


Nore, Tris Priblem . be of L Jes in ganging the Gans of 


Bremer Copper fy Ke. - 


&2ion 4s 1 pra Fi il Me:! od of gag ing any g 1 Tun (1 
Copper, and making a Table 10 2 w what it will hold at my 5 


bun ey uſuaily 02 I'd Inching of 4 Pan, Ws: | 


Firſt. you muſt k now. that moſt Cif not all) Br erer Tas 4 
are ſo Fe d, as to * a little for Cony 'eNLCNC 2. of cle in/ing their 5 


Priaz, which is uſually call d the Drip or Full ef the Tan. 


Now this Drip or F.ll of any Tun, is tha Hef of ſuch a Solid 
as that Tun 1s ſuppos d d tO repreſent; ; ai} d Un. ler tha t Co nſi lera- : 
tion it may be found, as in Theorem 16, Page 414. But the 
praflical (and indeed the beſ? ) Way, 1s to meal ure into. the Tun 
{when it is dry) ſo much Liquor as will oy cover its Bottom; 
for by that Mears you do not only fi: 1 the true Fall, but alſo a 


true horizontal Or I vel Plain over the Bettum of the Tus; from 


which, if the Dep. „cot the Tun (viz. the neareſt Difance from 
te Top of the Jun to the Surface of tle Liquor ) te fer off upon 


every One of its Sies, you wal then have a true parallel Ran 
at the Tip of the 7 [ 4 to that t che Liquor. 


Then if the Sites of the Ta are freight, from the Top to the 8 

B tm, take as many Dimenſion⸗ in the aforeſaid tuo Plains, as 
Are necdku to find the true Ara of each; and by thoſe two 
Areas, and tlie aforecſnid Depth, find ſo much of the Tun's - 
: 0 ontent (! y genera, Kule at Prell. m 10.) as is ; berwixt thoſe 


"WO P Ains. 
Next, to inch that Tun, dis it, the 8 . = Top 


and Bitim Aroa's by the afurctaid Depth, and the Quotient will 
be an Hadend or dd Number; which being add: 4 To the le ſer 5 
Arta, the um will be the Area of the next uch: and being ad- 

' ded to that Area, their Sam will be the Arta of the rkird Inch. 
| 5 d {5 on from Inch to Inch, uitil the Area of every ſingle Inch wk 
be fund the Sym of thoſ: Ares (if the Work be wes) will 
amgunt (or ke equa) to the Conreat fon! id, as above, Ard = > 


LIL 5 the 


1 
5 
ö 


. 
7 
ö 
s 
. 


| 


— — 
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the Tun's Drip or Fall be added to the Sum of all thoſe Area's 


Im 


1 


that Sum will be the whole or full Content of that 721. 


Nou from hence it muſt needs be eaſy to conceive, that if 
I. 2. 3. or any Number of thoſe Area's accounted from the 
Butrom, be addeit to the Fall, that Sam will thew the Quantity 
of Liquor or Drink that is in the Ian, to ſuch a Number of wet 
Inches from the Bottom, as there were Area's added together. 
Or if the Sum of any Nun ber of thoſe Area's (being accounted 


From the Top) be ſubſtracted from the Tuns whole Content, the 
| Remainder will ſhow what Quan ity of Liquor or Drink is in 


But if the Sides of the Tun are irregular. (vi-. not ftreight from 
its Top to the Bottom) then the beſt and eaſieſt Way will be to 


the Tun, when there is ſuch a N«z.ber of dry Inches from the 
Top as there were Area's ſubtracted. . 3 
his being well conftder'd, it will be eaſy to make a Table, 
either to every wet or dry Inch of any regular Tun, (viz. whoſe 
Sides are fireig/t ] Top to Bottom) what Form ſoever its 


Biſes are of; and whether it ſtand upon the greater or leſſer | 


aſe. 


_ divide or Part the Jun into ſeveral Fraums, each of 10 Inches 


deep; and finding the Content of every /ingle Fruſtum, by taking 


5 the Diameters ii the middle of every one of thoſe 10 Inches, 
| (that is, the ſirſt Diameter, at 5 Inches from the Top; the ſecond 


Diameters at 15 Inches from the Top, Sc.) and mu'tiplying their 


reſpective Area's with 10, (zbich i: done by only removing the ſe- 


Pauarating Comma's one Place fornard to the right Hand) if the 
Sum of all thoſe Fratums be aided to the Fall, (as before) that 


Sum will be the whole Content of the Tun. 


the mean Arca of the ſirſt Fra am teu times, and from the Fe- 


Note, /* you take the Height of the aforeſaid 10 Inch Eruſtums 


In the Side of the Jan, you mult allow for the Difference between the 


ant Height and the perpendicular Fleight in every Fruſtum. 


_Liftly, If from the whole Content of the Tun you ſubſra(? 


diainder ſulſiruct the mean Area of tie ſecond Frutum ten ti met, 


and from the laſt Rex:ainder ſulſtract the mean Area of the 


third Eruſtum, &c, until there remain nothing but the Fall or 


Hoof of the Jun, you will then by that Means have a Tabe 


that will ſhew whit Quant it) of Drink is in the Tan to any 


And this is alſo the Metrhed of gang ing and inch ing of Brew- 
ers Coppers, viz. by firſt meaſuring wto the Copper ſo much Li- 
ET | as will juſt cover its Crown ; then dividing its perpendicular 


eight into Fraſtums, and its Sides into four equal Parts, that fo 


 eroſs Diamerers may be taken in the middle of cach Fruftum : 


— 


Kut. 
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Bur if the . de mu h wider at the Tep than at the Bottom, 


and its Sides ſpheroi dal or arching, as generally all large Op- 
pers are; then, inſtead of taking thoſe mean Diameters in the 
middle of every ten Inches, as above, you muſt take them in 
the middle of every ſix Inches, and proceed on as before. 

| Now the Quantity of Liquor that would cover the Crown of 
the Copper, may be found without meaſuring it, as above. In 
order to that, I do ſuppoſe the Crown to be the Segment of 2 
Sphere, and the lower Part of the Gpp:y wherein the Corn 
riſeth to be the Fruſtum of a paralolick Conoid; then if the 
Diameter at the Top of the (Su, and its verpendicular Heinht 
are given, the Quantity of Liquor miy be © found by thus fol- 
wy Rule: | 


From the Area of the Plain at & Top of the Gains | 

ſubtract 1 of the Area of the Crown's High: ; the Re- 

mainder being multiplyd into half the Hei he of the 

Conn, will produce the Quantity or N# . of Gallons | 
that will cover the (vonn. 


This Rule is deduc” 4 trom Scholium, Page 1 and Thewen 
15, Page 424. 


Bee. Jo To compute the Content of any cloſe Cark in ; Gals vir. 1 LS 
- | of any But, Pipe, Hog ſhe ad, Barrel, c. Fr, 


3 order to perform this diſh: ult Parr of Gauging, the 1 ree 


following Dimenſions of the propos d Cast muſt be truly taken 


in _ and decimal Parts of an Inch. 


The Bale or Burg Dian, eter within the Gl., 
Either of the FI. Di am- ters, ſuppoſing them both „ 
And the Length of the Cast within. 


PR In taking of theſe Dimen/ams, it muſt be 2 dferv a 

1. That the Bune-hole be in the mi idle of the Cask; alſo, 
that the Bung-ſtaff, and the Staff over againſt the Bong hole, 
are both regular or even within. 


2. That the Heads of the Cask are equa] and truly cheater £ "Ig 
it 1 the Diſtance between the Inſt.ie of the Chine to the 


Outſide of its oppoſite Sail, w vil be che Head Diameter with- 
in the Cask, very near. 


3. With a ſliding Pair of Cllipers, Cons le on owl for that 


) take the ſhorteſt Diſtance or Length between the Outſides 


of the two Heads; ( ſappoſing them even) trom that Lengtli 
ſudſtract 1: Inch or leſs, A: to the . bh of the 
\EI1-2 (act.) 


— . _ — - — — 
—— —wæLV . — © 
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if the dtnard carved Lin, ABC, 
and FG D ate the Bous or Staves 47 
| of tne Cate, it muſt Tt. Cs hold more 


| yet tl S Bu; #4 Di. 2 e Þ He. 4 Di. * 
ameler CD and 4F, ai AY tho Top oth. 
IAH are the fame in both t. ole Cat! 


Vence it plainly apfeus. that no one cer! in or mal | 
Nu e can be preſcrib d to find rhe true Concer of all Sorts of 


Bule 


— — — — 


Cak) for che Thicknef of the Head, the Remainder will be the | 


Length of the Cask within. 


5 Now. by theſe Divven fans, one would ſuppoſe the Content of 
the Curt were perfect.) limited; but it will be eaſy to per- 


ceive, by the following Figure, that the Diameter, ( abovelaid_) 
and the Length of one Cu miy be equal to thoſe of another, 
and yer one of thoſe Cas may contain or hold teveral Gallon; 


more than the other. 


As for Inſtan E, ſupp doſe the anner d 1 Figare AB DG , 0 


repreſei t a Cn; then it is fin, thi 


than if the inn rei. t er prickd ti 
Lines were its Doviids « * Staves; and 


Ca5is, and therefore Gavgers do uſually ſuppoſe erery Cuil to 


be in ; the Form of ſome one of tizeſe f. Nowmg Solids. 


8 9 The ” lle 2 £ ne or Fru gun 1 a Sphevidd I | 
Via. Ii, The wille Z ne or Fru: 15 61 a Para oli ch + Srindle, 
1 N ul. Te woxer Fru f ums of tui equai Para! Of: k Conoids.. 
L IV. Tie 167 er Er % 0 7330 equal 02 es, 


” Now the Way of 74 ſing nx the C51 17 Farms, and computing 
its Content accorduig to on il [upp 05 d Form, I mall here thew in 


their OTUCT, 


I. IE. the Aar 0 ct the Cask are very e or arcling, Cat 
the cui Lines of tte ia, finure) then the Cask is 0 peel | 
to be in the Form of tits nid e ont er Fraß tum of à Spreroid, 


whoſe Content may be ompured, by Theorem 22. Fare 
Wi: hich gives theſe ty AK,. e 
| Square of the Hud Diameter multi ipij tat Sum int 


Viz 3.8197 * 2 222 r. Ale Ga! 19145 ; and! 5 882,30. 
V1 12. 305 231 tar ine Client. On 1 


* ule. 


E A2. 
5 IO 


5 i twice. wes. 14476 ef the ung Dien te- add the 


the hength, an divide. the Product by 1877, 15. 
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"To twice the Area of the Bung Grele add the Area 


Rul 1 the Head Circle; multiply their Sum i into one Third 
U E 2.) % the Length, and the Product Fill be the Content in 
heir reſpective Callont. 


- Exaneole 1. Suppoſe A Cat in the Form of the middle Zone 


of a Spheroid, whoſe Bung Diameter 18 31,5, * Diameter | 


2448, and its Length 42 Inches. 


Firſt 31.5 X 31,5 X 22 1934 5 An! 24.5 x 245 = 609,25 


Again 1984. 5 ＋ 600,2 2 And 2584 75 K42νοꝰοœTw 8559, 
Then 107, 18) 108 559.5 (108, 78 the Cntent iti Ale Gallun, 
And 882,35) 108559.5 (123,23 tte Content in H. Gal ens. 


Or thus, by the ſceond Rue. 


Bung Diameter 21,5 mice its Circle g Area ls 5, 527” 
Head Diameter 24,5 its Circles Area is 1.6 718 


The Length 42 divided by 3 is 14. 7.1 88 their Sur. 
Then 9. 1988 X 14 = 100,78 the Content in g. Ga leni, as before, 


A ſo the Content 1 in Wine Gal lions may be found. 


| I. if the Sraves of the Cat are not quite ſo mum urarcd © 
arching as Wis ſuppos' d before, the Carb 15 then ta eme the 


mY 


middle Fraftum of a pirabolice Sf inale, and its Content is com- 


O 


Tuted, as -by Ti.corens 27. Page 426. w chick giwes this An. e. 


Wh tn ice the Juare of the Buns Di. Mett 1 . e 
Juare of the H.ad Diameter; ; from their Dijſcrence ſab- 
tract (aur Tents s of the Square of the Difference et ihe 


Rule. 
divide re Product by 1877, 15% Se. a aber. 


— 


Example 2. Sapp ſe the Dimenſions the ſame as be fore. The * 
315K 31.5 2: ＋ 24,5 24.582684, 76. And 31,5—245=7 
Again yx 2,4==1946, And 2584 75—19,0 X42 = 107736 3 
Then 1077,15) 10773553 (107,01 rhe © ont. i 14G. &, tor 1}. 


I. When the Stades of the Cant are but very y little c ern bed or 
arching, then it's ſuppos d to be in the Form of the Fatunm of 
two equal parabolict Conoids, abutting or joining together upon 

ne common Ba ſe at the Tage, and the Content may be found 


by T eorem 28; Page 424. W ien 2¹ es theſe Rules. 


Bule 


. . 


Diamerers: multibly tie Rem inder! into the Lingti „ 6rd 


, 
* 
1 
* 


ä "Ot Partial Bauging. 


nnn! . 


. Leng! th, pres divide the Pro tuft ky 718, 98 
J(viz. 2,5464 x 282) for Ale Gallons ; or by * 
(viz. 2,5464 * 231) for Hine Gallons. Or IV, 


To the Arca of the Hung Circle add the Area af. 40 


Bule 5 Yo Circle ; ma.tiply the Sum: into halt the Length, 
„ Land the Prod? will be the Content requir d. 


ee * Wit! * the ſame Dimenſ ons as before,” Tem | 
31,531. 5: +24,5X24:5 = 1592,5- And 1592,5X42=65835 


And 718,08) 66835 (g3,c1 the Content in Ale Gallons, 
* 582,22) 6 65885 (113% the Content in Wine Gallons. 
. IV. If the'Sraves of the (uk are fra't from the Bulge to the 


= Head. as the inner prick d Lines in the | ;# Figure, (if ſuch a 


Cark can be made) it is then taken for the o 7 Eruſtums of two 
_ equal (ones, abutting or joining together up m one common Baſe 


at the Bulgc. And its Content may bee mpute has at Problem 


3 Poge 459. or by Theorem 15. Page 1 25 Thus, 


clo the Sam of t! the Sonar: of 4 - Head 4 "Ws Dianne: 
| R p ters add their product; 0 mnltin'y that Sum into the 
| u . Length, and divide the .. Hrodact by 1077.15. Or 


5 88 36. The Quetient till be the Content, * 
Example 4. With the 1 Dimeenſ ins as before. 


Firf 31, * 31,4: +: 2413 * 24,5: +315 * 245 = 2364, 
An 2364,25X42=99295,5 Then 1077 ,15) 99298,5 (92, 18 | 


the C4 Ment in Ae Gall 0% . And oc on tor Hine Gallons, . 


; you have the” Met ods of co! Hing the true Cuntents of 15 


tie four Solids, in wo! e Firn. call Cast 
s re ſuppos d to be. And by the Exam- ( 
pics it appears, that /oyr ſu hs as Have Jr 
their Dimenſions all equal, aud the ſame 
with thoſe above-mention'd, thei Cy4- 
tentt will be as in the Marvin. 

From the Diſproportion or Inequa iy of rheſe Differences it 


will be eaſy to concerve, that there may be ſeveral Cast whoſe 


(Contents cannot be truly found, according to the af or. fail ſup- 
p25 d Forms; and therefore, in or ler to rectify the ſil /n quali- 


7 7 5 ſome Authors C that have written upon this Subject) haue laid 
daun Theorems of their own Invntion ;; ; and Fer all'd them by 


_ = 


To 4% Squove © f the Fung Diameter aid FE ra apr 


3 


—— 


* 
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the ſe- Names) others have propos d T ables for the ame Purpoſe. 
But fu.ce it is ſo, that we can only gueſs at the Trath, the 
plaineſt and eaſieſt Way is to be preferr'd in Praftice ; and that 
is, by finding ſuch a „en Diameter as will reduce the propos 4 
Cask to a Cylinder, ls „ N 


— —— — * 


MAMultiply the Difference betueen the Head and Bang Dia- 
5 meters with 0,7. or mith 0,65. or with 0,6. or with 0,55. 

Thus, according as the Staves of the Cask are more or leſs arching; 
add the Product to the Head Diameter, and the Sum will 
= 055 the mean Diameter requir d. Then find the Content as 
| Ca Prob. 11. Page 438. N = . 

E rample. Vinh tie ſame Dimenſjons as before. Then the 
Bing Diameter leſs the Head Diam. is 316 — 24, 5 2 7. And 
2? = 394 its Area 2,4073 4 = 101.1039 


2,36 


) 7 X , 5 = 29,55 — 2.3504 N42 = 98,71; 
7 X 0,6 = 259 —— 2,2941X42 = 96,357 
C7 x0,55=28,35 —— 2,2385X42= 94.93 70 
From theſe it may be obfſerv'd, that the Difference between 
each Cast Content is regular, and very near equal; which Plain- 
ly ſhews, that there is not ſo much Room left of Errer this Way 

of computing their Ontentt, as was by the aforeſaid Forms 
Now the f of theſe four (viz. with 0,7) is very commonix 
uſed amongſt Gauger for all  Sorrs of Cast; but 1 did never 

gauge any (ast that would contain quite fo much as that Cuẽ, 

did make it; and the 7-4/9 doth appear very plain from 
Theorem 22. Page 451, being compar d with Tgeeren 19. Page 
420. and the laſt Figare, viz. that no (as, (being regularly 


_ made) can Hold more than the middic Fraſtum of à Spreroid. _. 


I a\ways found Ly Experience, that H the ſecond and tiird of 
dheſe Rule; (viz. nith 2,08 and O,) were duly 455 d, they 
. would an ſa er very near the Truth amopgſt the contmon Sort of 
,,; aid the fourth Rule (viz. with 0,55) will come pretty 
ear the Truth in computing the Contents of Casks, whoſe Staves 

Are almoſt fraight betwixt tlie Head and the Bung, viz. ſach 2s 
„%% en % a. 


"Jeet 6. To find what Quantity of Liquor is either drawn forts, 
or remaining in, any ſpheroidal Cist, ufualiy cad rhe Uliage v 
a (Cast; which hath two Caſes. 3 . 


Caſe 1. Jo find what Quantity of Liquor is in the Cut, when its 
| Avis is perpendicular to the Hyirizen, viz when i; ſtands upright 
u on one of it; Heads, ff 


| 
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— 


In wk to perform bs the eaſſeſt Way, it will be conve- 
tient to know how to calcu e the Area of any Circle betwixt 
the Fung and Head, whoſe Diſtance from the Fung or Middle of 
, "08 Cask 15 given. Now that may be done by this Propurtion. | 


1 the Square of Lalf the Length of the Cask : is to the 
. Difference berween the Bang and Head Area's * : ſo 15 e 
2 Suare of ary Circle's Distance from tie Bang to the Di.. 
Dference between 15 e Bung Area, and the Area 91 that 2 rele, 
(iz. che Area of the Liquor: 5 Surface. 


EEC 10! ee: 


9 as 
+. ® 


Demonfration. -_ © i |} 


fo 


1 H= Halt the Length of the Cast. 3 
” D= Haff the Bung Diameter. : Cy 
Cd = = Hay the Head Diameter. — — 

| e g 

3 = the Diltance of auy Circle from 1 . x 


Ard the Bung. . 
. H tae Di. neler of that Circle. i 


15 according to the con: mon e of tle fe Pax 
. 362. it v. ill! . 
bB: DD: R pf 1: 40. "And BB: DD: : BB—PP : 44. 


; DDHH- DD PH 
= BR, A 
. Ergo | DD x LB . 
3535 DH — DD—aa 
Con ſequent!y, 4 


his eAquation being _ 3 out of the Fraffions, will 
55 e DLHH — aa HH= DDPP —dd FE 
Which gives this 4 y HH: DD Add: : PP: DD 
Then ] DD —aa being ſubſtracted from DD, will leave aa, 
: But C: 7 8 Area's are in Prop 2rtion to the Squares of their Liame- 

tert, by Theorem 6. Page 401. Theref re, Oc. E. D 

Then, from the 5 ng £1 1G ſuitract one third Part of the 
aforcſud D Ference, vis. between the Bung Area and the Arca 
of the Liga. s Surtace ; multiply the Remoinder with the Li- 
guor's Diſtance from the row, Þ "and the Frodact will ſhew wha! 
. Quantit ty of Liquor is either above or ander L. alf ti the Content of 
the Cask. | 


Ex ple; Tet us ſuproke a Cal © " che ſame — with 
that in the fri Ex rample, Pave 15. and { Jer it be requir d to 
| fin) wars Quan 145 o Liznor is FE: K. (Ct + Ale Me ſure) when 
there is but t lucttes wete Beto | nl, tue Lens 71/3 of the Cast is 21 

Inches, 


9 * 


in the Proportion, are fix d, viz. continue the 


n 


"of Se Seu e 


1 inches, whoſe Square 3 is 441, and the Liquor $ Diflance from 


the Bung is 21 —9= 12. Its Square i is 144. The Diffe : 
between the Bung and Head Area's is Hs = 2,7635 — 5 


1,6718.) Then 441: 1,0917 :: 144: 9,3564. 


And 2,7635 — 9.3564 = 247 the rea of the fe. res 


Log ) | 1 SP T 
gain 3 751 >, 11 n 2,7635—0/ 1183 = 2.6: > 
Then 2,6447 x 12= - 31,7364, what the Cask wants of beit 455 5 
half full. Conſequently 50, 39 — 31.73 = 18,66 will be the 


Quantity of Liquor in the Cast at ꝙ Inches wet in 1 


And * the Cas had wanted but 9 Inches of bein g full; a 


then 50, 39 + 31,73 = 82, 12 would have been the Quant 5 


of Liquor in the Cat. ; 

Note, Bicauſe the two firk fin FR 1 and 1 0919) 

* for any Di- 

ſtance, it will be very eaſy to calculate the Area's of all the Circles 
betwixt the Bung and Head to every Inch, and by that Means to 
make a Table that will ſhew what Quantity of Liquor i is _ : 


drawn out or remaining in the Carl, a any Depth. 


Caſe 2. Tofird what Quamity of Lider i in any Cath, when is 


Axis is parallil to rhe Horizon, viz. when ic lies along. 


There are Variety of Tab "4 to be bound 3 in Books of Gauging 5 


for this Purpoſe ; but I always obſerv'd, that the following 


Method of computing the L. „ by a7 n Segments k 


aà ircle, came very ncar the Tru: in all Sorts of Calls, which is 
thus perform'd : . 


1. By the Bang and Head Ding find 152 a mean Di | 


ter as you judge will redute the propos d Caik to a Glinder, by 
the Method laid down in Page 447. and then find its full Cn- 


| tent, as in thoſe Examples. 
2. From the Bang Diameter ſudſtrad the mean "Sets: - 


and halve their Difference, (viz. divide it by 2 


% — 
From the wet {aches of the propos d Ullaze ſubfira@ the 


1 cal hal} — and call it x; ; then obſerve this Propertien : 3 


5 0A. the mean Diameter : # to 100 (the Diameter of . 
= "Vie: the Tabular Cu. le) : : fo is the laſt Difference (am! * ED; 
„ ve / ſed Sine in the Table. (Page 435. 5 | 


Then if the Tabaular Segment, which ſtands a ainſt that; ver- 


ſeed Sine, be multiply d into the Content of the (a, the prodaci 
will thew the Ullage, viz. what Quantity of Liu is either i in 


d br rams forth, | 
Mmm E 


— 


3 


mn 


| Example 1. Let the Cal be that of the ſecond Sort, in 
Page 447- viz. whoſe Bung Diameter is 31,5 Inches, mean Dia- 
meter 29,05, and Content 98,71 Ale Gallons; and ſuppoſe 


there were 10,5 Inches net in it, it is requir d to find the we: 


| Here31,5—29,05=245 its half is 1,22.And 10,1, 22 = 9,28 
Then 29,05 :100: : 9,28: 0,319 = V. Sine; its Segm. is O, 2748 


— And 98,71 x 0,2748 = 27,12 the Number of wet Gallons, 


Then 29,05 : 100:: 19,78 : 0,68 ; its Segment is 0,7241 


Aud 8,71 X0,7241=71,48 the Number of dry Gallons. = 
| Proof 71,48 + 2751 2 = 98,6 the Content of the Cut very near; | 


Bo which plainly ſhews the Truth of this Met had. 


Ik̃huhus far may ſuffice concerning gang ing of Backs or Cuolert, 
Tuns, Coppers, and Culs, &. To which I fhall only add, 
That as the Contents of all Brewers Utenſils are to be computed 
by the Ale Gallon, fo the Contents of all Diſtillers Utenſils 
(iris. all their Waſh Backs, Stills, and Casks, &c.) muſt be con- 


put ed by the Wine Gallon. 


And in gang ing of Malt, (upon which there is now 4 Duty of 
four Shillings per Buſhel ) you muſt obſerve, That a Corn or 
Malt Buſhel doth contain 2150,42 cubick Inches ; (See Page 36.) 


and therefore in gauging of Malt (iſternt, or other Veſſels, 


2250, 12 will be a conſtant: or fix d Diviſor for finding the Area's. 
olf all right-lin'd Fignres in Buſhels at one Inch deep, and 2738 
will be a, conftant or fix d Diviſor for finding the Area's of cir- 
Ils have omitte 


in; nor is it pqſſable there ſhould be any, by Reaſon of the 


0 41 erence that is in Malt, (and its grinding too) for the iN 
t (neil ground) will yield or produce the moſt Mert. 


5 beſt M. 


and leaſt Grains; on the contrary, bad Malt (being ill ground ) 
yields the leaf Warts and moſt Grains. e e 


_ - Before I conclude, it may not be amiſs to recommend thje 
_ Uſe of a Five. foot Rule, which is compos' d of fix Parts or 
ich ſolid 

Rivers; 


uli 


Legs (viz. ten Inches each Part) joyn'd together 
Braſs Joints, with Steel Screws to them inſtead c 


- d the Buſineſs of gauging Maſh-Tuns, and ta- 
King an Account of the Goods or Grains, in order to eſfimate 
what Quantity of Worts were produc'd from them, Cc. becauſe 
I could never find (by all my Obſervations) any Certainty there- 


— . — 


- | (which 1 contriv d and made many Tear: ago) the laſt Leg (viz? 
e | one of the extream Legs) having a ſliding Part neatly fitted 
: | to it, and the whole to be divided into Inches and decimal 
Parts, to which there is adjoyn'd only two Lines of Circles 
I Area's; viz. one Line for Ale Gallons, and another Line for 
3 Mie Gallons, plac'd on each Side of the Line of Inches 
This Rule is not only very uſeful for taking of the Dimen- 
fions of any Veſſel between ten Inches and ſeventy, with grean 
— Eaſe and Speed but alſo you have, by the aforeſaid Lines, the | 
. of any Circle by Inſpection (whoſe Diameter is given =_ - 
Inches, Cc.) much more readily than by the Tablet of 4red's, 
(which are uſually cramm d into every Book of Ganging,) And not 
only fo, but you may alſo take the Area of any Grcie, inftead —_ + 
of taking its Diameter in Inches; which I always found very 1 
_ uſeful and ready in Practice, both in gauging of Worts in open 2 
I. ſels or cooling Tubs, &c. and in gauging of cloſe Cuts: AI | 
5 which the Praftical Gauger will ſoon perceive, to whom I = 
F keartily wiſh good Succeſs. % OD Oh 


PA 


UPON 


His mot uſeful Piece, The Toung 
1 5 Mat hematician 5 Guide. 
„ Ome down, my Muſe, = FOR hy golden Qill, 


And now aſſiſt me with thy chiefeſt Skill. 
But hold! my Theme and Song is ſo ſublime, 


One will not do, I muſt implore the Nine ; 3 


And all too little for to ſing in Praiſe 


Of famous Ward, who's like the glorious Rays 


Of Sol, that makes the Clouds quite diſappear, 
And then with Luſtre fills our Hemiſphere. 

But ſtay, my Muſe, why doth thy Fancy run 

At Random thus ? ? hinking to bekt the Sun ; 

* Which 
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Which could I do, then might I Trophies raiſe 
That would be fit for this great Author's Praiſe. 
But human Praiſe, tho ne'er ſo well begun, 
Can add no Glory to what thou haſt done; 

For here I find thou freely doſt expreſs 
The Truths of Art, and in a comely Dreſs; 
Touching each Part in ſuch a pleaſing Strain, 

That makes the Reader's Heart to leap again. 

Such is thy curious Piece, enrich'd with Senſe, 

_ Uſeful, not ſtuff d with needleſs Eloquence, 

That following Ages in thy Praiſe will ſing, 

And ev'ry Muſe a Wreath of Laurel bring, 

| To grace thy Brows for this moſt noble Thing : 
Fame muſt with Honour crown you, and will nile 

5 Thy my Monument 1 in | Groves: of R Z 


L Feb. . „ | 
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Teacher of the Matbematicks 
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| Books lac priced for Tho. Horne, at the 


_- Royal-Exchange. | 


rk Merchants Map of Commerce: Wherein the univerſal | 
5 Manner and Matter relating to Trade and Merchandize are 
fully treated of; the Standard and current Coins of moſt Princes and 
Republicks obſerv'd ; the real and imaginary Coins of Accompts and 
Exchanges expreſs d; the natural Products and artificial Commodi- 
ties and Manufactures for Tranſportation declar d; the Weights 
and Meaſures of all eminent Cities and Towns of Traffick in the 
Vniverſe, collected one into another, and all redue'd to the Meri- 
dian of Commerce practis d in the famous City of London. By Lewis 
Noberts, Merchant. Uſeful for all Perſons who ſhall be employ'd in 
publick Affairs of Princes in foreign Parts; for Gentlemen, and o- 


thers travelling Abroad; and for all Merchants and their Factors, 


_ who negotiate in any Part of the World. The fourth Edition, care- 
fully corrected and enlarg'd. To which is annex'd, Advice con- 
cCerrning Bills of Exchange; wherein all Matters relating to Bills of 
Exchange, both Foreign and Domeſtick, is fully treated of. Toge- | 
ther with that moſt perfect Treatiſe of Trade, entitled, England's . 
Benefit and Advantage by foreign Trade demonſtrated. By Tho. 


5 Mun, of London, Merchant. e 


I ̃he perfect Method of Merchants Accompts demonſtrated. By 
Fohn Collins, Accomptant. 7 OR, 
The Evgliſþ Merchants Companion: Or, An Entertainment for 
the young Merchants, their Servants. Digeſted into three Parts. 
| Wherein the perfect Method of Merchants Book-keeping, and other 


Matters relating to Traffick, is compleatly demonſtrated ; being the 


moſt exact Work of this Nature extant, To which is annex d, Di- 
rections for Accomptants, and other Perſons, who enter themſelves | 


into the Service of the honourable Companies of Merchants of Eng- 


land trading to the Eaſt-Indies ; ſhewing them how ro begin, pro- i 


ſecute, and compleatly finiſh their ſeveral Functions and Offices, 


| __  Enter'd by Way af Debtor and Creditor. By Richard Dafforne, Ac- 
comptant. The fourth Edition, carefully corrected and augmented. 
|  ABrief Concordance: or, Table to the Bible of the laſt Tranſla- 
tion; ſerving for the more eaſy finding out of the moſt uſeful Places 
therein contain'd, carefully peruſed and enlarged by Mr. John Down- 
ham, Batchelor of Divinity; and allow'd by the ſpecial Privilege of 
his Majeſty K. Charles I. of bleſſed Memory, to be printed and hound 
wich the Bible in all Volumes. Pſal. cxix. 105. Thy Word is 4 Lamp 
_ _ rento my Feet, and a Light unto my Paths. The whole Book now care- 


fully reviſed, and made more uſeful by many hundred of Additions 


and Amendments, N. B. It may be had ready bound up with Bibles 


of all Volumes. | 


The State of Phyſick, and of Diſeaſes; with an Inquiry into the 
uſes of che late Increaſe of them; but more particularly 7 1 Ei 


N of | Bo oo x 8. 


B Pox : With ſome Conſiderations upon the new nice of 
purging in that Diſeaſe. To the whole is premiſed, An Idea of the 
Nature and Mechaniſm of Man; of the Diſorders to which it is ob- 
noxious; and of the Method of reftifying them. By John Wood- 
ward, M. D. Profeſſor of Phyſick in Greſham College, * of the e 
college of Phyficians, and of the Royal — . | 


B o0 xs s printed for A. Betteſworth, at the Red-Lion in . 
25 Pater. noſter Row. 2 : 


"HE riziſh . or, 2 particular Account of all the 
preſent Nobility, both Spiritual and Temyoral, from his Maje- 
| ay to the Commoner. Alſo an Account of all the Biſhopricks and 
Deanaries, and by whom and when founded. Likewiſe the Arms 
and Coronets of the Peers, with the Names of their Seats, what 
County they are in, and Diſtance from London. To which is added, 
an Introduction to Heraldry. The Third Edition, with large Addi- 5 
tions and Corrections. Price 53. | 
Adam and Eve ſtript of their Furbelows : Or, The faſhionable 
Vvirtues and Vices of both Sexes ex pos d to publick View. In Two 
Parts. I. Of the Ladies. II. Of the Gentlemen. With familiar 
| Deſcants upon each CharaQter, | Price 3 5. 1 
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S Foiture $ Works, % ; Vol. — — — 
Ovid's Met amorph. Egg, 2 vol. wick Cuts 
 Nelfor's Works abridg'd, in 2 neat Pocket Val. 

_ Flavel's Huſbandry 1 piritualiz d . —— 


Biſhop Taylor's Contemplations | — 
Fontinel's Plurality of Worlds — nn nn Con 
_ Hiſtory of Trials for High-Treaſon, 2 Ne 
Walker's Art of Teaching — 


| Phedrus, by Hoad!y 
 Greenwood's London Vacatatny 


Terentius, Delphini — moore, moon en wn 
_ Ovidii Metamorphoſis, Delphini — — — — 
Direxelius s Hourly Companion m— ⸗ ꝛxyqͥũ k 
Webſter's Arithmetick — | 


_ Cocker's Engliſh Dictionary 
e of an _Engliſ Gentleman from London 1 to Rome 


5 Hypolito . eee \ Novel 


 Bridges's Treatiſe of Fractions ——— eee 
Biſhop of Cambray” $ private Thoughrs - — — — 
Exgliſß Liberties | 
_ Hiſtory of Whaebatt, 2 Vol. 
Poſt-Man robb'd of his Mail — 
Exilha, a Romance, by Mrs. Barker — — — 
Biſhop Kent's Expofitionof the Church Cateebiſm — 
Cawood 's Navigation compleated - — — — 


Life of the French King — cg — — 

1 _ Henly's Efther, a Prem — —— — — — — — 
Med of een, v . 

4 Fobnſon* 8 Enchiridon Medi cum — — —„— * — 
Ladies Travels into Spain | 
Leybonrn's Dyalling. 4to — 
Bennet Collectio Sentemiarum- 
A Memorial proper for the 3 of January and — 


— of Boor s. | 


Dr. Brown of Cold Baths —— ——— Ry | 


Exercitia Latina, by Baile —— — — 


More s Engliſh Examples — — — 


Clark's Boly of Divinity, 2 vol. - — 
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Duke of Leeds's Memoirs = pho = | £7 RE 2 . 


—— — 


Hawney of Meaſuringʒä⁊x 


of May, each 


Mifon's Memoirs of Englend — FEE RENT 7 
Dionis's Mid wiferyonnnm— | — 


Clark's Introduction to 3 Latin - 
Biſhop Ki ing's Inventions of Men = < _ 
The Works of Auarreon and Sappho + — 


The Amorong Widow, or Wanton Wire. A Comedy — 
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